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IN the treatment of patients with 
hypertensive vascular disease, many 


procedures designed to interrupt sym- 


pathetic pathways have been used. 
Until the last few years surgical sym- 
yathectomy was the chief method by 
vhich this was accomplished. At the 
resent time, however, “medical sym- 
vathectomy” by means of adrenergic 
nd ganglionic blocking agents is re- 
eiving increasing attention. One of 
he newer agents to be used for this 
urpose has been hexamethonium, a 
rug which blocks the transmission of 
npulses through the ganglia of the 
utonomic nervous system, apparently 
y raising the threshold of the ganglion 
ells to acetylcholine released at the 
reganglionic nerve endings". 
Although hexamethonium has been 
uund to be effective in reducing blood 


6,8,12,20 


essure in hypertensive patients 


occasionally complications may follow 
this procedure. One of our initial pa- 
tients who was treated with this drug 
had severe hypertensive vascular dis- 
ease and azotemia. After the blood 
pressure was reduced and maintained 
at normotensive levels for several days, 
there was an increase in the blood urea 
nitrogen, and, for this reason, the drug 
was discontinued. Subsequently, the 
blood urea nitrogen returned to the 
original pretreatment level. Milne and 
Oleesky® have also observed a some- 
what similar occurrence in one patient 
with uremia. Since a high percentage 
of hypertensive patients have renal im- 
pairment during the course of their dis- 
ease and because of the above obser- 
vations, it has been of some importance 
to determine the effects of hexametho- 
nium on renal hemodynamics, and to 
compare it with other procedures used 


*Supported in part by a grant from the Burroughs Wellcome Company, Inc., and the 


uston Heart Association. 
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to interrupt sympathetic pathways. It 
is the purpose of this paper to report 
the acute changes in renal hemody- 
following blood 
duction with hexamethonium adminis- 
tered intravenously. The renal hemo- 
dynamic effects of chronic administra- 


namics pressure re- 


y the oral route are to be re- 
ported subsequently. 


tion by 


Methods. Twelve normotensive patients 
were studied and with one exception (No. 9, 
Table ] all had normal renal clearances. 


Ten of these patients were convalescing from 
pulmonary tuberculosis, and had previously 
been on prolonged bed rest; and 2 were 
ambulatory patients convalescing from other 
Nine- 


teen patients with hypertensive vascular dis 


than cardiovascular or renal disease 


ease were studied. Six of these patients had 
normal or only slightly decreased renal clear 
ances, but in the other 13 there was moder- 
ate to marked reduction in glomerular filtra- 

(GFR) and renal blood flow 
In addition, one patient with labile 


tion rate 
(RBI 
neurogeni hypertension was studied. 
Renal clearances were done according to 
the methods of Goldring and Chasis*. Glo- 
merular filtration rate (GFR) (inulin and endo- 
genous creatinine clearances), renal plasma 
flow (RPF) (para-aminohippurate clearance), 
hematocrit, and urine flow were measured. 
Infusion of inulin and_ p-aminohippurate 
PAH) into an arm vein was maintained at 
a constant rate by using a mercury pressure 
displacement pump!%. At least 30 minutes 
were allowed for equilibration following the 
priming infusion before the study was begun. 
Urine was collected through an indwelling 
Foley catheter at the end of each period, by 
bladder with 2  suc- 
portions of distilled water and 
Each collection period was us- 


washing the urinary 
cessive 50 cc 
L100 ce. of air 
ually of 10 minutes’ duration, and blood was 
drawn into heparinized syringes for chemical 
analysis 2 minutes before the midpoint of 
each period. Para-aminohippurate was anal- 
yzed by the method of Smith21, creatinine 
by the method of Bonsnes!, and inulin by the 
method of Roe!4. In most cases, blood pres- 
sure was measured in one arm with an ordi- 
nary sphygmomanometer. In these patients 
the value for the mean blood pressure was 
arbitrarily taken as one-third of the pulse 
pressure plus the diastolic pressure, and the 
average of 4 to 10 determinations was used 


MOYER: 


as the mean value for each 10-minute clear- 
ance period. In 6 patients mean blood pres- 
sure was measured directly with a mercury 
manometer connected to an indwelling needle 
in the femoral artery. The right renal vein 
was catheterized in patients and arterial 
and renal venous blood was obtained for 
chemical analysis in order to determine if 
there was any change in extraction of PAH 
or in oxygen consumption by the kidney. 
After 3 or 4 consecutive 10-minute control 
periods, 5 to 75 mg. of hexamethonium 
chloride or bromide*® was intra- 
venously. In the patients who received the 
larger doses, the drug was given in amounts 
of 5 to 25 mg. at 5 to 10-minute intervals, 
until either a hypotensive response had been 


injected 


obtained or until a maximum of 50 to 75 mg 
had been given. During injections of the 
drug and for a variable period of time there 
after, GFR and RPF were measured in con 
secutive ten-minute periods. In the initial 


studies, observations. were only continued 
during the period of maximum blood pressuré 
reduction and until the blood pressure began 
to rise again. However, as we became more 
aware of the pattern of hemodynamic re 
sponse, the period of observation was ex 
tended to a minimum of one hour after the 
drug was given and in the final studies for 
2 hours. All clearances were measured with 
the patient supine, and all were corrected to 


a standard surface area of 1.73 M? 


reduction in 


Results. A 


blood pressure was obtained in both 


significant 


hypertensive and normotensive patients 
after injection of hexamethonium in- 
travenously. This occurred in spite of 
the fact that they were in the supine 
position (Figs. 1 and 2). Although no 
attempt was made to get the maximum 
blood pressure response, normotensive 
levels were obtained in a few of the 
hypertensive However, in 
some of the hypertensive patients, there 
was only a minimal fall in blood pres- 


patients. 


sure, after which, increasing the dose 
of hexamethonium had little further 
effect. The latter were usually patients 
who had severe malignant hyperten- 
sion. 


* Supplied through the courtesy of Burroughs-Wellcome and Company and E. R. Squibb 
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EFFECTS OF HEXAMETHONIUM ON RENAL HEMODYNAMICS 0 


The patients were divided into 2 
groups (Tables 1 and 2) on the basis of 
the change in “crude” renal vascular 
resistance (mean blood pressure di- 
vided by renal blood flow) following 
the administration of hexamethonium. 
In addition, since there were differ- 
ences between the response of the nor- 
motensive and hypertensive patients, 
each group was subdivided into these 
categories. The figures in column “C” 
in the tables represent the control 
values. In column “D,” are presented 
the values obtained during the period 
of intravenous administration of hexa- 
methonium (usually 10 to 30 minutes). 
Column “D.” presents the values ob- 
tained during 2 consecutive periods at 
the time of maximal blood pressure de- 
pression, except when this occurred 
during the clearance periods when the 
drug was being administered. In the 
latter case, “D.” represents the values 
during the second to fourth clearance 
periods, even though there was less 
hypotensive response at this time. The 
values recorded in column “D,” are 
those obtained 50 to 70 minutes after 
njection of the drug. 

In Group | (Table 1) there were 10 
normotensive and 7 hypertensive pa- 
tients showing an unchanged or in- 
vascular resistance at 
D.”. All of the patients who had been 
mn prolonged bed rest had this type of 
response. The 7 hypertensive patients 
ill had moderately severe to very se- 
renal function. 
Following injection of hexamethonium 
n an average dose of 0.463 mg. per kg.. 
here was a maintained reduction in 


reased renal 


ere impairment of 


ean blood pressure averaging 83% 
f the control value during “D.”. There 
vas a marked and rapid decrease in 
irine flow to 35% of the control value. 
-lomerular filtration rate decreased to 
1% of the control at the time of max- 
mal blood pressure depression (Dz), 


but one hour after injection of hexa- 


methonium (Ds), it had increased to 
85% of the control value. Renal blood 
flow was also depressed, averaging 73% 
of the control during Ds, but was 90% 
of the control at the end of one hour 
in spite of continued reduction in blood 
pressure. The filtration fraction was in- 
creased during D,, but later fell below 
the control level. There was an average 
increase in renal vascular resistance 
for this group initially and at the time 
of maximal vasodepression, with a re- 
turn to the control value after one hour. 

In Group 2 there were 14 patients in 
whom there was a decrease in renal 
vascular resistance at the time of max- 
imal blood pressure depression (Table 
2). This group included the 2 normo- 
tensive subjects who had not previously 
been on restricted activity, all of the 6 
patients with hypertensive vascular dis- 
ease and normal or only slightly im- 
paired renal function, and 6 of the pa- 
tients who had hypertensive vascular 
disease with marked impairment of 
renal function. The latter 6 had control 
renal clearances and mean blood pres- 
sures comparable to the hypertensive 
patients in Group 1 who did not obtain 
a decrease in renal vascular resistance. 
With the exception that there was a 
slightly higher average renal vascular 
resistance during the control periods 
in the hypertensive patients in Group 2 
as compared with Group 1, no other 
objective differences them 
could be ascertained. After injection 
of hexamethonium in an average dose 
of 0.328 mg. per kg. the mean blood 
pressure fell to 80% of the control value. 
As in Group 1, there was a decrease in 
urine volume, GFR and RBF during 
the injection period (D,). However, in 
contrast to the patients in Group 1, the 
depression of GFR was more marked, 
and that of RBF slightly less. At the 
time of maximal blood pressure re- 
sponse (Dz), also in contrast to Group 1, 
GFR had returned to 88% and RBF to 
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98% of the control values. One hour The differences in acute response 
after injection of the drug (Ds), the between Groups 1 and 2 are shown 
average values were 92% and 98% re- graphically in Fig. 2 for comparative 
spectively. In addition, there was a re- purposes. There was an increase in 


duction in the filtration fraction and a renal vascular resistance and filtration 
decrease in renal vascular resistance fraction in Group 1, in spite of sym 
to 82% of the control value. It seems pathetic blockade which was sufficient 


ACUTE EFFECTS OF HEXAMETHONIUM 
ON RENAL HEMOOYNAMICS (259m /.V.) 
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Fic. 1.—The effects of hexamethonium on renal hemodynamics in a patient with moderate] 
severe hypertension and impaired renal function (No. 30, Table 2). To be noted are the initi 
fall in blood pressure, glomerular filtration rate (GFR), and renal plasma flow (RPF). Sul 
sequently, however, due to a decrease in renal vascular resistance, GFR and RPF return 
to the control levels in the face of further depression of blood pressure. At this time, norep 
nephrine was given because of early cerebral symptoms. GFR and RPF were at first elevated 


but as blood pressure was raised above the control levels, they were again cd pressed 


significant that the patients in this to cause a reduction in systemic blood 


group received less hexamethonium pressure, suggesting that there w 
per kilogram, but yet had slightly more constriction of the efferent renal a 
reduction in mean blood pressure, had_terioles. This is to be contrasted t 
a decrease in renal vascular resistance, the patients in Group 2 in whom ther 
and had a more rapid return of GFR_ was a decrease in renal vascular 1 
and RBF toward the control levels. sistance and filtration fraction, sug 


The response of one patient in this gesting that there was both afferent 


group (No. 30, Table 2) is shown in and efferent arteriolar dilatation, will 
Fig. ] efferent dilatation being predominant 
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ane Comparison of Changes in Renal Hemodynamics 
se after Hexamethonium in Groups I and IL 
tive 3 
= 
vm 
ient > A 
& 
Q 
GFR,, RBF FF. RVR MBP 
D, DO, Ds C D, D, Ds C D, O, Ds C D, D, Ds C D, D, Ds 
o——o Group I GFR-Glomerular Filtration Rate RVR- Renal Vascular Resistance 
o---- Group I RBF —Renal Blood Flow MBP- Meon Blood Pressure 
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a mt rhe effect of hexamethonium on renal hemodynamics in a patient with labile neuro- 


hypertension. After 10 mg. of hexamethonium, there was a marked decrease in renal 
r resistance and a marked increase in glomerular filtration rate and renal plasma flow. 
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In addition, it was noted that although 
the normotensive patients in each 
group reacted similarly to the hyper- 
tensive patients, they had less marked 
In the patients studied for 2 
hours, renal hemodynamics closely ap- 
proximated the control levels, although 
in 2 of the hypertensive patients (one 
with damage) and 
normotensive subject, glomerular fil- 
tration continued to be moderately de- 
This associated with a 
rather marked reduction in blood pres- 
sure. The results on the patient with 
labile hypertension are presented in 
Fig. 3. This patient had a mean blood 


changes 


severe renal one 


pressed was 
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vividly the potency of hexamethonium, 
even in small amounts, when there is 
significant sympathetic vasoconstriction. 

Right renal vein catheterization was 
carried out in 2 patients (Nos. 15 and 
90. Table 3). There was a decrease in 
oxygen consumption by the kidneys of 
both patients during D,, with a return 
to or toward control values at De. There 
was no significant change in extraction 
of PAH, indicating that the measured 
changes in RPF due to 
changes in extraction of PAH. 

Discussion. The effects of 
sympathectomy on renal function have 


were not 
surgical 
investigators 


been studied by several 


PrABLE 3. EFFECT OF HEXAMETHONIUM ON EXTRACTION OF PAH AND 
OXYGEN CONSUMPTION BY THE KIDNEY* 
De 
Patient GFR RBI PAH O. Consum) Vii 
Is 109 771 0.87 10.1 
79 538 O86 2.9 82 529 
126 851 0.89 10.1 
20 ¢ 140 1322 0.85 29 2 145 
D 78 866 0.84 14.5 100 0 801 
D 136 1483 0.85 19.8 97 


For explanation of S\ mbols 


EPpAH 
O, Consump 


125 mm. Hg at the time 
renal clearances were done, although 
at quiet bed rest in the hospital ward, 
his blood pressure was in the normo- 


pressure of 


tensive range. In addition he appeared 
apprehensive, complained of palpita- 
tion, had sinus tachycardia, and cold, 
moist hands and feet. These changes 
were thought to be a result of increased 
sympathetic activity. During the con- 
trol periods renal clearances were 
within normal limits, and he was sub- 
sequently given 10 mg. of hexameth- 
onium intravenously. Twenty minutes 
later renal clearances were again meas- 
ured, and were found to be markedly 
elevated. His hands at this time were 
warm and dry. This result illustrates 


Oxygen consumed in ce 


and abbreviations see Table 1 


Fraction of PAH extracted by the kidneys 


per minute 


Simeone and Ramirez'* studied 11 pa 
tients before and after sympathectomy 
and observed a slight decrease in GFR 
in tubular transport of PAH (TmPAH) 
and in the filtration fraction (FF), and 
a slight RPF when the 
group was considered as a whole. How 


increase in 


ever, when the patients were dividec 
into 2 groups on the basis of severity 
of renal impairment, in those with littl 
or no renal impairment there was a de 
crease in GFR and an increase in RPF 
whereas, in those with severe renal im 
pairment there little change in 
GFR and a RPF. These 


authors also observed that the group 


Was 


decrease in 


with less renal impairment, and _pre- 
sumably therefore less organic vasculat 
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EFFECTS OF 
lisease, obtained the best results from 
Other workers?:*:4-22 
who have studied small numbers of 
vatients before and after sympathecto- 


sympathectomy. 


ny have found, for the most part, es- 
unchanged clearances of  in- 
lin and p-aminohippuric acid (PAH) 
n the presence of reduced blood pres- 


sentially 


sure, this being interpreted as indicat- 
ing renal vasodilatation. 

Gregory and coworkers® reported 
the effects of high spinal anesthesia on 
renal hemodynamics. They observed 
. reduction in both GFR and RPF dur- 
ng the period of vasodepression; how- 
ver, clearance periods were of one 
iours duration, so that it was impossi- 
ble to tell if the clearances were re- 
luced during the entire period of blood 
whether there 
as an initial depression followed by 


ressure reduction. or 


renal 
tetraethyl- 
a drug, which, like 
is a quartenary am- 
onium blocking agent, have also been 
tudied. Lyons et studied 16 pa- 
tients in whom they observed a de- 
in urine volume and GFR with 
maintained renal blood flow at the 


normal. The 
iemodvnamic effects of 
mmonium (TEA 


iexamethonium 


return toward 


rease 


une time that the blood pressure was 
ioderately reduced. However, if blood 
ressure reduction was more marked. 
RBE was also depressed. In animals 
vith neurogenic hypertension follow- 
ig section of the buffer nerves, RBF 
vas maintained in spite of a significant 
duction in blood pressure after TEA. 
Previous studies’? on the renal effects 
intravenous hexamethonium in dogs 
a reduction in renal vas- 
ilar resistance, so that in spite of a 
enificant 


ive shown 


reduction in mean blood 
ressure to 71% of the control value 
FR was maintained at control levels. 
lowever, the decrease in renal vas- 
ilar resistance did not quite compen- 
ite for the fall in blood pressure so 
iat RBF was reduced to 89% of the 
ontrol, 


HEXAMETHONIUM 


ON RENAL HEMODYNAMICS 1] 


In this study, the results obtained 
after injection of hexamethonium to the 
patients in Group 2 were similar to 
those observed after sympathectomy, 
and after administration of tetraethyl- 
ammonium in that there was a decrease 
in renal vascular resistance, a return of 
RBF almost to control levels, and a 
slight reduction in GFR. After one hour 
similar but less marked changes oc- 
curred in Group 1. However, the re- 
sponse obtained in the latter group dur- 
ing the period of injection of the drug 
and at the time of maximal blood pres- 
sure response was in direct contrast to 
that of Group 2 in the fact that there 
was evidence of renal vasoconstriction. 
The difference in types of patients in 
the 2 groups has been previously noted. 
It seems unlikely that the increase in 
renal vascular during D, 
and D. in Group 1 was due to initial 
ganglionic stimulation by the drug 
prior to blockade, such as is seen with 
some ganglionic blocking agents, since 
Patton and Zaimis' have been unable 
to demonstrate this effect in animals 
given hexamethonium, and second, be- 
cause patients in Group 2 failed to 
show this type of response. It is more 
likely that the increase ‘in renal vas- 
cular resistance in Group 1 was due to 


resistance 


a reflex increase in sympathetic outfow 
to the splanchnic area as a result of the 
fall in systemic blood pressure, such as 
occurs after blood pressure has been 
reduced by hemorrhage. Since gangli- 
onic blockade was undoubtedly incom- 
plete, it would be possible for sympa- 
thetic stimuli to break through this 
blockade to cause renal vasoconstric- 
tion, provided they were of sufficient 
magnitude. One might interpret the 
fact that there was slightly less blood 
pressure response in Group 1, in spite 
of a larger average dose of hexameth- 
onium, to mean that these patients 
were less sensitive to the effects of the 
drug, and therefore that they did not 
have as complete a sympathetic block- 
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ade initially as those in Group 2. How 
ever, an alternate explanation would 


be that there was equal but incomplete 


blockade in both groups, but that the 
magnitude of the svmpathetic outflow 
was greater in Group 1. Even in Group 
wever, renal clearances and renal 
resistance had returned to- 
ward the control value one hour after 

ection of the drug. If one does as- 
sume that there was an initial increase 


svmpathetic stimuli to the 


splanchnic area in response to the fall 
blood pressure, it is conceivable that 

Sé f hexamethonium which was 
nitia neffective in producing com 


lete Fal clionic blockade 


effective with time. In- 


might have 
more 
deed, Patton and Zaimis! have demon- 
+4} 


a given amount of hexa- 

blocking 

effect after the ganglion has been re 
pe itedly stimulated 

The possibility that part of the acut 


1 
ne nium nas a 


greater 


he mody1 amic change S rved were 
due to humoral vasoconstricting agents 
renal autonomy, or other factors can- 
not be excluded. Indeed. as far as renal 
autonomy is concerned, Selkurt and 


have re¢ ported that there 
change in GFR or RPF in 


logs with innervated or denervated 


kidnevs, until the renal blood pressure 
was lowered bevond a critical level of 
ibout 100 mm. Hg. This was demon- 
strated to be the result of 


compensatory decrease in afferent renal 


a gradual 


decreasing 
blood pressure until the level of 100 

He had been reached. Bevond this 
level there was no further decrease in 


arteriolar resistance with 


resistance so that clearances rapidly 


fell. It is important to note that sys- 
temic blood pressure remained normal, 
so that one would not necessarily ex- 


pect to have reflex sympathetic renal 
vasoconstriction. In fact, another study 
by the same author’® revealed that re- 
nal vasoconstriction did occur when 
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blood pressure was reduced by hemor 


This again suggests that the re 


duction in renal artery pressure alon 


rhage 


was not the cause of the acute reduc 
tion in renal blood flow in the current 
study but that neurogenic factors and 
reduce d svstemic blood pressure were 
probably more important in this re 
spect. After a short period of time renal 
hemodynamic readjustment (autonomy 
occurred 

In addition to the se tactors there is 
the problem of whether or not the ob 
GFR and RBF were 


in part or in whol due to by passing 


SCTV¢ d change S 


otf entire nephron units. o7 parts of such 
units. Data obtained in normotensive 
ind hypertensive humans!! on tubular 


TmPAH) after in 


travenous administration of hexameth 


excretory capacity 


onium indicated that there was no sig 


nificant shunting of entire nephron 
units. since there was no reduction in 


TmPAH 


shunting 


Further evidence against a 


mechanism involving renal 
tubules is the data in Table 3 showing 
that there was no significant change in 
extraction of PAH at the time of de 
pression of renal blood flow. This does 
not exclude the possibility of glomeruli 
alone being by passed. as there was a 
significant lowering of the GFR/Tm 


PAH ratio 


studies on tubular reabsorption of glu 


However, since similar 


cose (TmG) in dogs'® before and after 
hexamethonium have shown no change, 
even this possibility is unlikely, pro- 
viding the data can be transferred to 
indicate 
that the reduction in renal clearances 


human studies. This would 


observed was a result of decreased fil- 
blood flow 


through each individual nephron, rath- 


tration by and reduced 
er than as a result of a renal vascular 
shunt. 

Despite variations from patient to 
patient in acute hemodynamic response 
to blood pressure reduction, these dif- 
ferences were less obvious after one 
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hour and were usually not discernible 
it the 2 hour period. It was the ex- 
ceptional patient in whom renal func- 
tion had not approximated the control 
values de spite 

in blood pressure. In the -few patients 
in whom a reduction in GFR persisted, 


a maintained reduction 


renal damage did not appear to be a 
signihcant tactor. the fact 
that there may be a significantly pro- 


I low 


2 hours 
reduction of renal function in some pa- 
tients with 


W ho are 


] 
longed (at least in excess of 


severely damaged kidnevs 


treated with hexamethonium 
suggests that caution should be exer- 


cised in this respect. In contrast to a 


patient with normal renal function, it 
is easy to appreciate that a reduction 


only 5 ce. per minute in a patient 


with an initial GFR of 20 cc. per min- 


ite mav mean the difference between 
ymmpensated renal disease and_ pro- 
gressive renal failure. The chief diffi- 


ulty In patients on hexamethonium 


therapy would seem to arise from de- 


pression 


GFR, since tubular excre- 
tory and reabsorptive mechanisms as 
neasured by the TmPAH!" and 
were not altered. It is appreciated that 
n acute studies of this nature, changes 
n enzymatic processes would not be as 
likely to be manifest as those in GFR 
ind RBF. Frequent determination of 
the blood urea nitrogen would seem 
) be the most simple practical guide 
the renal effects in 
yatients on hexamethonium  therapv. 


r following 


patients who have severe renal dis- 
retention, this de- 
ermination should be made frequently. 

One should be satisfied with moder- 


ise and nitrogen 


te reduction of blood pressure rather 
ian trying to obtain normotensive 
vels in patients who have severe hy- 
ertensive vascular disease. Although 
nal hemodynamic readjustment was 
bserved in the present study, if the 
lood pressures had all been reduced 
) absolute normotensive levels in the 
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ON RENAL HEMODYNAMICS 1S 
patients with hypertension and _ asso- 
ciated renal disease, a similar degree 
of readjustment probably would not 
have occurred. Complete but tempo- 
rary anuria has been noted following 
such a reduction of blood pressure to 
a normotensive level in a patient with 
marked Should _ this 
complication occur, administration of 


hypertension" 


an infusion containing 4 mg. of 1|-nor- 
epinephrine per liter has been found 
to be effective in restoring both urine 
formation and in raising blood pres- 
this 
the infusion should be started at very 
slow rates since patients receiving hexa- 


sure. If does become necessary, 


methonium are usually excessively sen- 
sitive to l-norepinephrine™ (Fig. 1). 
In patients on hexamethonium therapy 
who have renal depression of a less 
acute nature as manifest by a rising 
blood urea during 
davs or weeks time, it is usually sufh- 


nitrogen several 
cient to reduce the daily dose of the 
drug so that there is less hypotensive 
response, but in some patients it will 
be necessary to discontinue therapy. 
Since excreted 
chiefly by the kidney in an unchanged 
form®, it is important to realize that it 
may be retained in the body in an 
active form for several days in patients 
with severely impaired renal function, 
and particularly when this function is 
further depressed as a result of the 
hypotensive action of the drug. Indeed, 
in one patient (No. 17, Table IT) with 
severely impaired renal function, the 
hypotensive effects persisted as long 
as 7 days following cessation of ther- 
apy. 

Summary and Conclusions. The effect 
of hexamethonium on renal hemody- 
namics was studied in 12 normotensive 
and 19 hypertensive patients. Follow- 
ing injection of 5 to 75 mg. of hexa- 
methonium chloride or bromide intra- 
venously there was an average reduc- 
tion in blood pressure to 80 to 85% of 


hexamethonium _ is 


rent 
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values. In about one-half 
of the subjects, including both normo- 
tensive and hypertensive patients, there 
was either no change or an increase in 


the control 


renal vascular resistance, so that glo- 
merular filtration rate and renal blood 
How were reduced at the point of max- 
imal reduction in blood pressure. How- 
ever, at the end of one hour this de- 
pression was less marked despite a 
maintained reduction in blood pres- 
sure. In the other group there was a 
renal vascular 
resistance at the time of maximal blood 
pressure depression so that glomerular 
filtration and renal blood flow 
were maintained near the control 
levels in spite of the blood pressure 


significant decrease in 


rate 


reduction. After one hour, the observed 
both were similar 
to those found after surgical sympa- 
catheterization 
was performed in 2 patients. Oxygen 
consumption was found to be initially 


changes groups 


thectomyv. Renal vein 


depressed in both, but returned toward 
the control values with the return of 
renal blood flow to the original levels 
in spite of the continued reduction in 
blood pressure. No change was found 
in the extraction of p-aminohippuric 
acid. 

From a therapeutic standpoint, the 
patients with hypertension without 
renal impairment obtained the best re- 
sults, in that there was both a signifi- 
cant reduction in blood pressure and 
renal vascular resistance, so that glo- 
merular filtration rate and renal blood 
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flow were maintained. It seemed sig- 
nificant that these patients were much 
more sensitive to hexamethonium than 
any other group. An exaggerated re- 
sponse of the same type was seen in 
one patient with labile neurogenic hy- 
pertension, in that glomerular filtration 
rate and renal blood flow were mark- 
edly increased after a small amount of 
hexamethonium. 

The data obtained would indicate 
that the acute effects of hexamethon- 
ium on the kidney in any given pa- 
tient will depend on the degree of 
initial sympathetic renal vasoconstric- 
tion, the degree of organic renal vas- 
cular the 
ganglionic blockade, and the amount of 
blood reduction. Other fac- 
tors, including the possibility of renal 


disease, completeness _ of 


pressure 


vascular shunting and renal autonomy 
were discussed. 

The possibility of further impairment 
of renal function in patients who al- 
ready have severe organic disease in 
the kidneys makes it imperative that 
frequent estimations of renal function 
be obtained during hexamethonium 
therapy. Serial determinations of the 
blood urea nitrogen would seem satis- 
factory for this purpose. It would also 
seem inadvisable to attempt to reduce 
blood pressure to normotensive levels 
in these patients. Although the pres- 
ently reported acute studies are sug 
definitive cannot 
be drawn as to results with prolonged 
therapy of this type. 


gestive, conclusions 
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PULMONARY 
By 
the 


From Veterans 


not com- 
monly found in a hospital devoted ex- 


PULMONARY moniliasis is 
clusively to the care of tuberculous pa- 


tients, vet at the Veterans Administra- 


tion Hospital, Butler, Pennsylvania, 
this diagnosis was made 4 times in 
9500 consecutive admissions. Since 


moniliasis and tuberculosis differ, both 
in prognosis and treatment, it is im- 
portant to differentiate between them. 

The etiological agent of moniliasis 
is the fungus Candida albicans. This 
fungus is widely distributed 
saprophyte; however, it may 


as a 
be re- 
covered from the mouth, throat, skin, 
intestinal tract, and vagina of healthy 
persons*'® and of patients who are 
known to have tuberculosis, lung ab 
scess, bronchiectasis, pulmonary carci 
or other chronic diseases of the 
lungs'®. It that 
the diagnosis of moniliasis should be 


noma 
has been suggested 
only when the fungi are shown 
to be virulent for laboratory animals‘. 
However, some saprophytic strains of 
Candida albicans may be virulent for 
rabbits!>. Recovery of these orgartiisms, 
and even proof of their virulence, does 
not therefore establish the diagnosis of 
moniliasis. This diagnosis is only justi- 
fied if Candida albicans is recovered 
regularly from fresh sputum specimens, 
and if 


made 


all other possible etiological 
agents are excluded?. 

Different investigators have widely 
varying opinions as to the frequency 
of pulmonary moniliasis as a primary 
disease. Thus Robertson" believes it 
is doubtful if primary pulmonary monil- 
iasis really exists, stating that it occurs 
only of an 
underlying tuberculous, neoplastic, or 
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as a secondary - invasion 
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Administration 


MONILIASIS 


CoueN, M.D. 


Hospital, Butler, Pennsylvania 
Orie holds 


that it is a rare disease, having been 


bronchiectatic lesion. also 
seen in his practice only 3 times in 8 
‘- However, the American litera- 
indicates that in this country 
monilial infections of the lungs are a 


vears' 
ture 


good deal more 

There is evidence that monilial in 
fections are becoming more common 
as a result of the widespread use of 
antibiotics®°'*, These drugs appar 
ently do not stimulate the growth of 
Candida albicans but inhibit the sensi 
tive bacterial flora that exists along 
with the fungi, allowing the latter to 
crow more luxuriantly®:!5, Most of such 
serious: but 


intections not 


are ocCa 
sionally serious generalized infections. 
or infections of the lungs, heart, o1 


other internal organs are reported®.*° 

Since Candida albicans 
spread, most cases of moniliasis are 
endogenous. Epidemics of thrush have 
occurred, but there are no reports of 
the spread of pulmonary moniliasis 
from one patient to another. 


is so wide- 


In mild cases of pulmonary monil- 
iasis the only complaints may be cough 
and expectoration. In severe cases the 
patient may complain of cough, ex- 
pectoration, hemoptysis, dyspnea, chest 
pain, weakness, weight loss, fever, and 
night 
usually show hilar and _ peribronchial 


Roentgenograms 


thickening and patchy parenchymal 
infiltration, and sometimes there are 
small cavities'*. Agglutination tests!, 
complement fixation tests, precipitin 
tests, and skin tests have been de- 
scribed, but are not reliable. 
Pulmonary moniliasif usually re- 


sponds to treatment with iodides (po- 
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tassium iodide by mouth, or ethyl 
iodide by inhalation). Before iodides 
are given, the patient should be skin- 
tested to determine whether he _ is 
hypersensitive to Candida albicans, 
and if hypersensitive he should be 
desensitized. Another treatment which 
has been recommended is intravenous 
gentian violet given daily for 7 days 


been told he had a second stage, nodular sili- 
cosis, but had no symptoms. In March and 
April, 1951, he had an acute respiratory infec- 
tion diagnosed as pneumonia, during which he 
expectorated a small amount of bright red 
blood. Cough and expectoration developed 
at that time, and in the next month he lost 
27 pounds in weight. A roentgenogram of 
the chest was interpreted as showing pul- 
monary tuberculosis, and he was admitted 
to the Veterans Administration Hospital, 


Fic. 1.—Case 1. Before treatment. 5/29/51. 


n an 0.5% solution in doses of 5 mg. 
per kilogram of body weight?. Hiatt 
ind Martin? have suggested that in 
some cases the patient may be hyper- 
sensitive even though the skin test is 
negative, an excess of fungus antigen 
inhibiting both the agglutination reac- 
tion and the skin test to the vaccine. 
In such cases desensitization to 
Candida albicans vaccine may result 
in great benefit. 

Case Reports. case 1. This patient was a 


white man, 55 years of age, who had worked 
in soft-coal mines for almost 40 years. He had 


Butler, Pa., on May 28, 1951. On physical 
examination he was found to be_ poorly 
nourished. His temperature was normal. Ex- 
amination was negative except for moist post- 
tussive rales over both apices posteriorly. 
Blood studies revealed a mild secondary 
anemia. Sputum examinations were negative 
for tubercle bacilli. A film of the chest 
showed diffuse fine stippling throughout 
both lungs which was overshadowed by ex- 
tensive areas of consolidation at the right 
hilum and extending into the right upper 
lobe (Fig. 1). Tuberculin was negative, both 
PPD No. 1 and PPD No. 2. 

Repeated sputum examinations were posi- 
tive for Candida albicans. For this reason, 
and because no other etiological agent could 
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be found, the diagnosis of moniliasis super 
imposed upon silicosis was made. Broncho- 
scopic findings were negative. Patient was 
treated with penicillin and iodides. Peni- 


cillin was administered in doses of 1,000,000 


LMONARY 


MONILIASIS 


CASE 2 
ot had considerable ex- 
posure to finely powdered silica over a period 
of 12 
polisher. 


Chis patient was a white man, 66 
vears age, who had 
years while employed as a grinder and 


About a year prior to admission he 


units daily from 9/25/51 to 10/22/51, while developed a moderate productive cough, 
potassium iodide was given in doses of 30 weakness, and weight loss. About 3 months 
grains daily from 9/25/51 to 10/2/51, 60 prior to admission, he developed fever, and 
grains daily from 10/3/51 to 10/21/51, = anorexia, and was bedfast: at home ever 
90 grains daily from 10/22/51 to 1/21/52. since. His symptoms persisting, he entered 
During the period of administration of potas- this hospital on March 19, 1950. On admis- 
sium iodide, frequent sputum cultures were sion he was acutely ill with a temperature 
i 
Fic. 2.—Case 1. After treatment, 2/25/51 


done for tubercle bacilli and fungi; all exam- 
inations were negative for tubercle bacilli and 
all were positive for Candida albicans. In all, 


33 bacteriological examinations were made 
on sputum, gastric contents, or bronchial 
aspirations. During the period of drug 


therapy, cough diminished and expectoration 
diminished rapidly until on 11/12/51 there 
was no sputum at all. The patient gained 45 
pounds in weight. The chest film showed 
marked clearing of the area of consolidation 
in the right lung. He was discharged from 
the hospital on 3/26/52 (Fig. 2). 


of 102°. A roentgenogram of the chest re- 
vealed widespread miliary densities through- 
out both lung fields (Fig. 3). Miliary tuber- 
culosis, fungus infection and carcinomatosis, 
and silicosis were the diagnostic possibilities 
most strongly considered. A film taken a year 
earlier was obtained; as it was normal, silico- 
sis was excluded. Tuberculin positive, 
histoplasmin and coccidiodin were negative. 
Five 


was 


sputum specimens were cultured for 
fungi, and all were positive for Candida 
albicans; 7 sputum specimens were cultured 


for acid-fast bacilli, and all were negative. 
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Blood cultures were negative. He was treated 
with streptomycin and penicillin, without 
beneht 

On May 1, 1950, he developed an acute 
thr ymbophl bitis ot the le ft lower extremity. 
On May 23, 1950, he developed a_ large 
wneurysmal dilatation of the left femoral 
rtery and a smaller similar dilatation on 
the right, with visible and palpable expansile 
pulsations. His condition deteriorated rapidly, 
ind he died on May 25, 1950. 


Candida albicans either in the blood or in 
the tissue at postmortem examination. 

CASE 3. This patient was a white man, 
24 years of age. A chest film was made in 
September, 1948, because of cough and ex- 
pectoration, and an extensive lesion in both 
lungs was found. Serial films showed progres- 
sion of disease from September, 1948, to 
December, 1949, and regression from Decem- 
ber, 1949, to May, 1950. Numerous sputum, 
smears, cultures, and guinea pig inoculations 


= 


Fic. 3.—Case 2. 3/20/50. 


Postmortem examination showed miliary 
ranulomata of lungs and_ kidneys, and 
neurysms of the abdominal aorta, the left 
moral artery, and the right common iliac 
rtery. The granulomata were not tuberculous. 
slood cultures were negative for bacteria 
nd fungi, and examination of tissue from 
walls of the aneurysm failed to show 
andida albic ans 
Clinically this case was believed to be 
ne of monilial infection of the lungs with 
ultiple mycotic aneurysms. The diagnosis 
ests on the consistent presence of Candida 
lbicans in the sputum, the consistent absence 
f any other etiological agent and the course 
f the disease, It was not possible to identify 


were negative for acid-fast bacilli, and re- 
peated sputum cultures were positive for 
Candida albicans. Tuberculin was negative. 
He was hospitalized at another hospital, 
where all sputum examinations were nega- 
tive for acid-fast bacilli and positive for 
Candida albicans. On 6/27/50 he was ad- 
mitted to this hospital for study. Here tuber- 
culin was negative, coccidioidin was negative, 
histoplasmin was weakly positive. A_ chest 
film showed bilateral coarse mottled infiltra- 
tions throughout both lung fields (Fig. 4). 
Sputum examinations were consistently nega- 
tive for acid-fast bacilli, and positive for 
Candida albicans. Diagnosis of pulmonary 
moniliasis was made. As the temperature was 
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wrmal, and the patient was essentially asyinp- 
tomatic and iS Sé rial films h id showed 
some regression over the previous 6 months 
no treatment was recommended and _ patient 


7/19/50. 
Chis patient was a Negro 24 years 


was discharged on 

CASE 4 
His first symptoms were cough, 
appetite, weight, 
September, 1948. 
1949, he had also had dyspnea 


of age 


pectoration loss ot loss ot 


and fever beginning in 
Since March 


ind intermittent abdominal cramps. He lost 
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he did poorly; had abdominal cramps, diat 


rhea, and fever, and lost weight, and _ it 
was thought advisable to notify his family 
that he was seriously ill. He was given peni- 


cillin in doses of 500,000 units twice daily for 
17 days, September 6 to September 23, 1949. 
Cough gradually dimin- 


and expectoration 


ished, temperature gradually came down to 
normal, and dyspnea diminished. Scores of 
sputum and gastric examinations were made: 


all were negative for acid-fast bacilli, and all 


Fic. 4.- 


30 pounds weight prior to admission: from 


155 to 125 pounds. He entered this hospital 
on 6/10/49 

On admission he was found to be an 
emaciated colored man, chronically ill, 
febrile (99.6°) and dyspneic at rest. A roent- 


genogram of the chest showed numerous 
small pneumonic patches throughout both 
lung fields (Fig. 5). Sputum and gastric 
cultures were negative for acid-fast bacilli 


and positive for Candida albicans. Tuberculin, 
coccidioidin, and histoplasmin were negative. 

On July 11, 1949, he was started on 
potassium iodide, and this was increased 
until he was getting 90 grains dailv. At first 


-Case 


3. 7/18/50. 


Candida albicans until 
December, 1949; after which sputum became 
and all examinations for fungi 
were negative. A bloody 

intermittently until March, 
intestinal examinations were negative 


were positive tor 


very scanty 
diarrhea continued 

1950, but gastro- 
Potas- 
April 26, 
1950. showed 
1950, 
vital capacity was 1.6 liters, or 35% of normal, 
venous pressure was 9 cm. of water, and arm- 
to-tongue circulation time ether was 9 
seconds, which is within normal limits. 
There was no dyspnea at rest, but slight 
exertion caused dyspnea. He was discharged 


sium iodide was discontinued on 
1950. A chest film on 
considerable clearing. On December 1, 


July 5, 
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12/19/50. Since then he has remained 
ell at home, and is able now to do a day's 
light work. His only residual difficulty is 
lyspnea which is moderate. 


Discussion. It is admitted that in 
no one of these 4 cases has the diag- 
nosis of moniliasis been established 
beyond all question. However, the di- 
gnosis of tuberculosis has been ex- 
cluded by the finding of a negative 


lungs is active and progressive, when 
pulmonary tuberculosis is carefully 
excluded, when there is no evidence 
of any other etiological agent, and 
when Candida albicans is consistently 
present in fresh sputum specimens, the 
diagnosis of pulmonary  moniliasis 
seems to be fully justified. All these 
things were true in all the cases in 
this series. In addition, in Cases 1 and 


Fic. 5.—Case 4. Before treatment. 6/24/49. 


tuberculin reaction in 2 cases and by 
the necropsy findings in a third. The 
persistent absence of tubercle bacilli 
from the sputum, even when _ the 
pulmonary lesions were extensive, ac- 
tive, and progressive, is further strong 
evidence against the existence of pul- 
nonary tuberculosis. Certainly Candida 
ilbicans is found in the mouths of a 
onsiderable number of normal in- 
lividuals. But when disease of the 


{ the administration of iodides resulted 
in great and lasting improvement. In 
Case 4 the autopsy established non- 
tuberculous granulomatous disease of 
the lungs as the cause of death, and 
similar non-tuberculous granulomata 
were found in the kidneys. Cultures of 
the blood tissues were negative for 
fungi, however, which casts some 
doubt on the diagnosis in this case. 
Animal pathogenicity studies were not 
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done, because it was believed that such 
studies would contribute little. There 
is evidence that some strains of Candida 
albicans which are known to be 
saprophytes in man will cause death in 
laboratory animals!®, and that other 
strains of yeastlike fungi may _ be 
pathogenic for man but not for labora- 


tory animals", 
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moniliasis may be made if (1) Can- 
dida albicans can be isolated con- 
sistently and in large quantities from 
fresh sputum or from specimens ob- 
tained through the bronchoscope; 2) 
the sputum is consistently negative for 
tubercle bacilli; (3) no 
etiological agent can be 


other 
found. There 
is no characteristic symptom-complex, 


and 


Fic. 6.—Case 


In these cases neither the symptoms 
nor the roentgenographic appearance 
of the lungs were diagnostic of monil- 
iasis; tuberculosis and some _ other 
chronic diseases of the lungs could 
have accounted for the same findings. 
No other disease of the lungs existed 
in 3 cases, while in the fourth (Case 1), 
moniliasis complicated a nodular 
silicosis. 

Summary. Chronic pulmonary dis- 
ease is sometimes due to the fungus 


Candida albicans. The diagnosis of 


4. After treatment. 


7/5/50. 


nor is there anything diagnostic about 
the chest roentgenogram. 

Since the treatment of pulmonary 
tuberculosis and moniliasis is different, 
patients with active progressive pul- 
monary disease should not be treated 
for tuberculosis merely because the 
chest film is consistent with tuberculo- 
sis. If the sputum is negative for acid- 
fast bacilli, sputum or bronchoscopic 
specimens should be 
peatedly for fungi. 


cultured re- 


If the diagnosis of moniliasis is made, 
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the patient should be skin-tested to sitized, he should be treated with 
determine whether he is hypersensitive iodides in large doses. Sometimes 
to Candida albicans, and if so, he  gentian violet intravenously is helpful. 
should be desensitized. If he is not In most cases treatment will be success- 


hypersensitive, or if he has been desen- ful. 
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THE IN VIVO MICROSCOPIC INTRAVASCULAR AND VASCULAR 
REACTIONS IN ACUTE POLIOMYELITIS*; 
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CLEVELAND, OHIO 


From the John Gaston Hospital, Memphis Tennessee: Michael Reese Hospital, Contagious 
Disease Hospital, Chicago, Illinois, and the Department of Anatomy, University of Chicago 


HE microscopic composition of the _termittent or continuous study of a statisti 
mple of irterial blood!9.' 
circulating blood and the reactions of ally valid sampl — 
] . . This method also per itted a study ot the 
the vessel walls were studied in the 


: ? vasomotor reactions ul the cl inges in 
peripheral and internal organs of mice permeability of one set of small blood vessels 
and monkeys, exclusive of the central Clinical Material and Results. HumMAN 

. ) man polio 
nervous system; and in a peripheral Potiomyetitis. The study of human = 
myelitis began in Memphis, Tennessee in 
organ in man. Each host suffered from 

| | | 1942 [we ntv-one S rcute 
a disease called “poliomyelitis.” There ctudied 4 shadeed blood 
was no reason to assume that identical For the concept of sludged blood the reader 
sets ol pathologic processes operated is referred to the work of Knisely et a , 
. . limps of red blood ells resisted passage 
in the three hosts simply because of the Clumy red bl ; oe ee 

t | thr terminal irte tten t such i 
‘Ol hum: vente ap- 
lumaniy inventec in¢ 1] that the flow reduced 
plied disease name nd. intermittently the fl was stopped for 
From the microscopic observations various lengths of time. In venules, blood 
+} nlas » Anid 
reported in this paper and study of flowed so slowly 
loss took place, witl lting edema of 
the literature, it was possible to indi- 7) be 
puibar conyunctiva 

cate and outline three sets of mech 4 general survey was begun during the 
anisms whereby the disease “human 1946 epidemic of poliomyelitis in Chicago 
poliomyelitis’ may be damaging neu- and extended through 1948 to check the 

rones and other cells. ibove findings and 

circulation in greater detai 

Methods [wo methods for making the One hundred and ei tv-hive patients in 
micros« tudies of the circulating blood cluding children and lults were studied at 
have been used in these studies. The first the Chicago Conta s Disease Hospital 
was the fused quartz rod method, which where neither convalescent pol velitis 
permitted the study of the circulating blood serum nor chemothe rapy was given Fifty 
ind blood vessels at magnifications up to six patients were seen during the 1946 epi 
600 diameters in many parts of anesthetized demic at Sarah Morris Hospital (Michael 
operated animals?!. The second was _ the Reese Hospital). Here the majority of the 
“eye’ method. The human bulbar conjunctiva patients received convalescent poliomyelitis 
Was obliquely illuminated and the vessels serum as soon as they were idmitted ind 
ind the blood within them studied with a usually before their irculation had been 
stereo-binocular microscope. This method studied. No attempt was made to determine 
vas particularly useful for it permitted in- whether or not the ser was effective in 
Lhe tud n which this paper is based were made possible by Grant from the National 


Foundation for Infantile Paralysis, Inc., between 1946 and 1948 


This work was aided by a grant from the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the 1 niversity of Chicago 


resent address, Department of Anatomy, Western Reserve University, School of Medi 
( l veland Ohio. 
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modifyin the course of the disease 


since 

t few patients were seen before and after 
he administration of the serum. In both hos- 
tals, patients with all degrees of severity 


vere tudied, from asymptomatic cases to 


tetraplegia and cranial 


Che 


herve In 


diagnoses were established 

by t nding and house staffs. Except for 
few ises at Sarah Morris Hospital, no 
tion was attempted. In both hos- 


es were followe d until disc harged 

spit il. Daily 

was frequently made in many pa- 

I r hundred and 
ded rvations 
extenck d 


observation of the 


seventy-five re- 


were made during this 


through 4 poliomye 
At Contagious Disease Hospital 
hospitaliz. d for 2 wer ks atter 
symptoms, the period of quaran 

"i h time the paralytic cases were 
schar to other hospitals. At Sarah Mor- 
Hos tal it w is possible 


to study son 


i pe riod of over 9 months 
Mal nd females studied, white and 


ratients from 


were 
5 to 35 vears of 
not restricted to either 
distribution. The 
tt vary from one epidemic to 


lings were 


r to any age 


re was no specific selection of 


tient th bility of the patient to co- 

he only requirement 
THE SIGNIFICANT FINDINGS were: 1. 
\ggregates of red blood cells were 
found in the circulation of every pa- 
tient frequently associated with var- 


ious degrees of anemia and low blood 
volume. The evidence for low blood 
volume will be stated later. Two types 
of red blood cell aggregates having 
different phy sical 


properties were 


usually present in varying proportion. 
By far the greater number of red-cell 
iggregates were soft and just slightly 
larger than individual red cells. These 
red-cell aggregates measured 10 to 12 


nicra in arterioles. They were pale red 
in color, slightly sticky to each other, 
ind pres nte d 


minimal resistance to 


passage through the terminal arter- 
les 
In sharp contrast were the intermit- 
tent 
ed blood cell aggregates measuring 12 
to 20 micra in diameter when nearly 


iximally 


showers of larger, harder, darker, 


compressed and changing 
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slowly from a sphere to a spindle as 
they were driven through the narrow- 
arterioles. Further, 
each of bulged the terminal 
arteriole into which it passed. These 
masses caused intermittent plugging of 
the terminal arterioles or their parent 
branches lasting from one second to 
5 minutes. 

2. Because of the size of the agglut- 
inated red-cell masses, they resisted 
passage through capillaries, and in 20 
to 30 micra venules they produced the 
following pathology: 

(a) The 10 to 12 micra red-cell ag- 
gregates which were seen previously 


ing cone-shaped 


these 


in arterioles formed aggregates 20 to 
120 micra in length as they flowed into 
The strength of the 
holding these aggregates together var- 
ied. The weakest forces only held them 
together as large aggregates (up to 


venules. forces 


120 micra) in stationary venous blood 
(Figs. 1 and 2). The strongest forces 
formed aggregates which did not break 
up again in any of the visible venules 
in the bulbar conjunctiva. Since such 
they 
played an important role in helping to 


aggregates were often formed 
reduce the rates of blood flow through 
venules. 

(b) White blood cells, often many 
lavers deen, lined the lumen of venules. 
(Fig. 3) 

(c) Excessive plasma fluid loss was a 
common finding. Various degrees of 


hemoconcentration occurred to some 
extent in the small veins of the bulbar 
conjunctiva in every patient. With ex- 
fluid there was 


visible edema of this 


cessive plasma loss 
microscopically 
tissue. 

(d) With the maintained reduction 
in blood flow through small veins dila- 
tations, sacculations, and frank hem- 
orrhages occurred. 

3. A and maintained 
anemia of the arterial blood was visible 
during the course of the disease con- 


progressive 


trasting sharply with the hemoconcen- 
trated blood in venules. 

4. Associated with the anemia in 
arterioles was frequently a progressive 
constriction of arterioles, capillaries, 
and venules Prolonged vessel spasm 
frequently shut off the flow of blood in 
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next. These from the mildest to the 
most severe were as follows: 

1. All red blood cells were stuck into 
small just slightly 


larger than an individual red blood 


aggregates each 


cell. They were quite soft and did not 
resist passage in any of the branches of 


a? 


© 60 C 
Fic. 1.—The formation of a large red blood cell aggregate in venous blood. (A 


In an inter 


connecting venule the red blood cells and aggregates form a clump of cells measuring 20 x 100 


With the 


micra. 


re-establishment of the normal current of 


flow (B) and (C) the aggregate 


breaks up as the moving column of blood pounds against it 


more than half of the capillary beds 
in the bulbar conjunctiva. 

The significant findings of the intra- 
vascular and vascular changes described 
above were produced in an orderly 
The entire se- 
observed in 


events. 
quence was not 
patient. There were roughly 
each imperceptibly fading into the 


sequence of 
every 


4 stages, 


the arterial system. However, in capil- 
laries and small veins measuring 13 to 
16 micra in diameter, they did resist 
passage, illustrated by the fact that the 
linear rate of blood flow was distinctly 
slower than normal though the vessel 
paths were open and not constricted 
their 
concentration of the venous blood was 


below normal diameter. Hemo- 
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INTRAVASCULAR AND VASCULAR 
a common finding. The presence of the 
latter was made evident by the blood 
being darker red in color, more pasty 
in consistency, loss of the peripheral 
plasma layer, and an associated edema 
of the bulbar conjunctiva. Larger, 
hard, red blood cell aggregates were 
absent at this stage. Neither was there 


noticeable anemia or evidence of 
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diameter. Usually such aggregates 
were easily whipped apart as they were 
swept into larger venules. Later strong 
surface forces were present which 
formed aggregates measuring 40 to 80 
micra (Fig. 5). These large aggregates 
were formed not only in slowly flowing 
venous blood but also in more rapidly 


any flowing blood, and frequently they 
decreased blood volume. Scattered failed to break up in the largest 
3O 


\ 15-micron capillary contains plastic red blood cell aggregates measuring 15 x 30 


to 60 micra, which were quickly broken up in the 30-micron venule. 


of vessel wall lesions 
limited to venules were present (Fig. 
+). 

2. Sometime later in the disease pro- 
cess the majority of the red-cell aggre- 
gates became rigid enough just to re- 
sist passage through the terminal ar- 
terioles. The surface characteristics of 
the aggregates also changed so that 
when the blood was forcibly slowed in 
i. branch of a _ venule, aggregates 
formed measuring 20 to 30 micra in 


localized areas 


venules (150 to 200 micra in diam- 
eter). Such masses must have been 
fairly coherent to resist the shearing 
forces set up by the tendency toward 
laminar flow in venules of this size. 
With such increasing resistance to 
blood flow in venules there was con- 
siderable plasma fluid loss resulting in 
hemoconcentration and edema of the 
supporting tissue. 

The most significant finding during 
this stage was the recognition of inter- 
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4 clump of white blood cells measuring 20x50 micra stuck to the lm 
Q-micron venule. Red-cell aggregates measure 10 t 0 


— 


Fic. 4.—Non-paralytic poliomyelitis. In the arteriole measuring 10 to 12 micra no detail 
is seen. Red-cell aggregates were few, small, and soft. The arteriole has a normal config 
uration in contrast to the 30-micron venule where several sacculations have occurred. Exces 
sive plasma fluid loss with resulting hemoconcentration has occurred in the segment of the 
venule above the branch of the arteriole. Note that the column of blood is very dark (hemo 


concentrated ), and of a normal consistency in the segment below the arterial twig 
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mittent showers of larger, dark red, 


tougher red blood cell aggregates com- 


ing down arterioles. These masses 
measured on the average 12 to 20 
micra in diameter when maximally 
compressed. They significantly resisted 
passage through terminal arterioles, 
often reducing blood flow to zero. 


Such showers could easily be missed if 
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dent by an increasing constriction of 
capillaries, and venules. 
Many more capillaries than normal 
were shut in every capillary bed. 

3. Slowly, over a period of days, the 
intermittent showers of hard red blood 
cell aggregates became _ increasingly 
more obvious. Each larger more rigid 
sharply _ resisted or 


arterioles, 


mass, passage 


0-micron venul 


outlin« 


the observations were made carelessly 
x for too short a period of time. It 
ften took 2 to 6 repeated one-to-two 
ninute continuous observations of one 
segment of an arteriole to detect them. 

In slight anemia was 
isible, indicated by a decrease in the 
olor of the blood, and plasma spaces 
0 micra more in length between 
ie erythrocyte clumps. That the blood 
lume was decreasing was made evi- 


arterioles a 


or 


)—Non-paralytic poliomyelitis. An illustration of large red blood cell aggregates in a 
which measure 40x60 micra. Many of the aggregates have a “fuzzy 
In arterioles the shearing forces keep the red cells from forming aggregates. 


plugged terminal arterioles or their 
parent branches. These arterioles were 
plugged from a few seconds to minutes 
or permanently. Generally plugging 
was of short duration not exceeding 
3 to 5 minutes. Such showers were re- 
peated many times per hour, day and 
night. The percentage of such large, 
rigid red-cell aggregates was estimated 
never to exceed 20 to 30% of the total 
circulating red blood cells (Fig. 6). 
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As the blood flow rates decreased, 
due to increasing rigidity of the aggre- 
gates, partial maintained constriction 
of arterioles to one half or less of their 
normal diameter was frequently seen. 

As the disease progressed, there was 
little change in the physical charac- 


With the maintained constriction of 
the arterioles the cellular aggregates 
were considerably more distorted as 
they were driven through these vessels. 
The small aggregates which measured 
10 to 12 micra when undistorted were 
frequently compressed through such 


Fic. 6.—Paralytic poliomyelitis. Marked resistance to the passage of the red blood cell 
aggregates through the terminal arterioles. Under maximum compression the red-cell aggre- 
gates often measure 15 to 20x50 micra and such aggregates plugged arterioles from a few 
seconds to as long as one minute, before they were forced into and through the capillaries. 


teristics of the 10 to 12 micra red-cell 
aggregates. They comprised from 60 
to 80% of all of the aggregates. A 
small but undetermined proportion of 
healthy red cells was usually present. 
It was doubtful that more than 10% of 
the red cells were healthy (unag- 
lutinated ). 


arterioles so that they measured 16 
micra in length and 8 micra or less in 
diameter. These red-cell aggregates 
were very plastic, since they did not 
bulge the wall of the arteriole nor was 
their rate of flow significantly reduced 
below normal. Also the aggregates 
were quite elastic since they rapidly 
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resumed their undistorted spherical 
being spewed into the 


irger, dilated capillaries. 


nape upon 


\ general dilatation of all venules 
vas present, associated with various 
legrees of localized sausage-shaped 

dilatations, 


flame-shaped 


icculations generalized 


ind, less commonly, 


hemorrhages (Fig. 7). 
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against such irregularities aided in re- 
vealing the adherent white cells. Under 
the most favorable conditions for ob- 
servation, they could be seen not only 
lining the inner walls of venules but 
also those of arterioles. Red-cell aggre- 
gates were never seen sticking to white 
cells or endothelium. 


4, Regression of these pathologic 


100 


Paralytic poliomyelitis. A hemorrhage has occurred through the wall of a 20-micron 


ule. Note the 15 to 20 x 50 micra spindle-shaped red blood cell aggregates in arterioles, 
plugged arterioles for as long as 1 to 3 minutes. (Note the tips of arterioles measured 


10 micra.) 


maintained reduction of 
through venules, white 
od cells stuck to their walls, often 
iny layers deep. Since white blood 
lls were difficult to resolve optically 
the vessels of the eye, the early 
ges, wherein the walls were studded 
th them, were not recognized. Irreg- 
ities of the lumen of the venule 
i the bumping of the red-cell clumps 


VW ith the 
od flow 


changes was first recognized by a de- 
crease in frequency of the intermittent 
showers of the red-cell aggregates 
which plugged arterioles. With the at- 
tendant increase in flow it was no 
longer possible to recognize any aggre- 
gates in these vessels. 

In venules the flow rates also in- 
creased which prevented the formation 
of large red-cell aggregates. Cellular 
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aggregates were then only seen in cap- 
illaries and in those venules whose 
diameter was less than 75 micra. 

Following the increase in blood flow, 
the arterioles slowly dilated while the 
venules contracted, both to their nor- 
mal diameters. As the walls of venules 
contracted they resumed their normal 
permeability, and the dilatations and 
sacculations disappeared. 

After a variable period of time, 
t to 6 weeks after the clinical 


onset of the disease, irregular showers 


usually 


ot hard red cell aggregates sharply re- 
blood flow temporarily 
plugging terminal arterioles were seen 


ducing and 


again. Such showers of red-cell aggre- 
gates would be present for a day or so, 
disappear for several days, and then 
re-appear. Similar findings were noted 
during the period of convalescence in 
the 1942 yoliomyelitis epidemic. 


To date no patient, at the time of 
discharge from the hospital, had a 
healthy circulation. Many of the cir- 
culating red blood cells flowing 


through the vessels of the white of the 
eve were aggregates 


still stuck into g 
measuring from 10 to 12 micra in diam- 
eter, and associated with this there was 
often a variable degree of microscop- 
ically visible anemia. 

CORRELATION During the 
the the human 
poliomyelitis, red blood cell counts and 
sedimentation were made. The 
blood was taken from the finger tip 
immediately after studying the circula- 
tion. 

The 


trom 


STUDIES. 


course of study of 


rates 


red blood cell counts ranged 
to 5.000.000 per 
The blood visible through the micro- 
of the bulbar 


conjunctiva was often suggestive of a 


scope in the arterioles 
much greater anemia. This discrep- 
ancy was probably due to the mixture 
of hemoconcentrated blood 
with the anemic arterial blood when 
the finger was punctured, 


venous 


The majority of the micro-sedimen- 
tation 
slightly elevated. In a number of tests 


tests?? were either normal or 
the boundary between the sedimented 
red cells and plasma was blurred. On 
focussing a stereobinocular microscope 
on such a blood while it was sediment- 
ing, it was found that the blood was a 
mixture of red-cell aggregates of vary- 
ing size. The rate of sedimentation of 
roughly 

the 


This variation in the size of the aggre- 


each aggregate was propor- 


tional to the size of aggregate. 
gates accounted for the blurred bound- 
ary between the cells and the plasma. 
As far as the temperature and the 
blood pressure were concerned, there 
was no consistent recognizable rela 
tionship between either of them and 
the intravascular abnormalities. 
Experimental Studies. Mice and 
monkeys were inoculated with various 
strains of poliomyelitis virus and the 
circulation was studied in the periph- 
eral organs, and, at selected intervals 
during the the internal 


exclusive of the central nervous 


disease, in 
organs, 
system. Since in both species the result 
of the inoculated virus invariably pro- 
duced a flaccid paralysis of the skeletal 
musculature, often resulting in death. 
it was anticipated that the intravas- 
cular reactions would probably play no 
small part in the production of this 
paralysis. 

ACUTI Five 
to 6-week old mice obtained from var- 


POLIOMYELITIS IN MICE. 
ious sources were preselected for sub- 
intracerebral inoculation with 
poliomyelitis 
these 
their gross reactions daily for about 
one week, their 
weight, white 


sequent 
virus!, Preselection of 


animals consisted in observing 
changes in 


blood cell 


counts, hemoglobin, and bacteriologic 


noting 
red and 
study of their feces, searching partic- 
ularly for Salmonella organisms. In ad- 
dition a studv was made of their cir- 
culating blood, blood flow, and vessel 
walls in the iris at magnifications up 
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to 430 diameters’. Such a study of the 
circulation revealed red blood cell ag- 
gregates in a large number of animals, 
which acording to the other tests were 
normal. The intravascular abnormality 
consisted of red-cell aggregates which 
measured 8 to 10 micra in arterioles, 
which were very soft and plastic, and 
did not resist passage through arte- 
rioles, capillaries or venules. No other 
intravascular or vascular abnormality 
was present. No animals found to have 
intravascular changes were used _ in 
the poliomyelitis experiments. Many 
showed unsuspected lesions at nec- 
ropsy. The stocks, from which came 
the 80 animals subsequently used for 
this study, were by previous tests 
found to be free from mouse pneu- 
nonitis and Theiler’s virus. 


Tue Mernop of study was as follows 
circulation and the reactions of the ves- 
walls were studied at 100 to 430 diam- 
ers magnification in the iris of the Nem- 
tal-anesthetized mouse prior to the in- 
tracerebral inoculation of the virus. Three 
ndredths of one cubic centimeter of a 10% 
pension of Lansing or Dust strains of 
liomyelitis virus was injected into the 
rebrum (parietal area). The circulation was 
tudied for a period of approximately one- 
lf an hour after the inoculation, and then 
The animals were kept in individual 

; jars in the laboratory, being kept under 

rly continuous observation during the 
of the disease. At selected intervals 
inimals were re-anesthetized with Nem- 
tal, the circulation restudied in the _ iris 
peri-limbal vessels of the conjunctiva 
ihdominal cavity was then opened and 
circulation studied by means of quartz 
transillumination in the anterior abdom- 
| wall, mesenterv, the outer surface of the 
stinal tract, and occasionally in the liver 
nagnifications ranging from 32 to 430 


neters 


[HE SIGNIFICANT FINDINGS in mice 
ere as follows: 1. All animals inoc- 
ited with poliomyelitis virus of the 
insing and Dust strains developed 
l-cell aggregates which were soft 
d measured 10 micra in diameter. 
\-agglutinated, individual red blood 


cells were also seen. During the course 
of the disease, up to and including the 
time that the animals were in extremis 
and extensively paralyzed, there was 
but little increase either in size or 
rigidity of the aggregates. (There was 
no question that these animals could 
form aggregates (a sludge) since de- 
liberate mild trauma of the striated 
muscle resulted in the characteristic 
rapid formation of large relatively 
rigid red-cell aggregates. ) 

2. An anemia was observed with the 
microscope in the blood flowing 
through arterioles which was made evi- 
dent by a decrease in the color of the 
blood as well as a decrease in the 
number of cells. 

3. Associated with the anemia was a 
progressive constriction of capillaries 
with a definite increase in the dif- 
fusion distances between open capil- 
laries. This increase in diffusion dis- 
tances was indicative of a decrease in 
the circulating blood volume. 

4. There was a slight reduction in 
the blood flow through venules. The 
red-cell aggregates measured on the 
average 10 micra, and large aggregates 
were never seen even in stationary 
blood. 

5. The walls of venules were studded 
and occasionally lined bv leukocytes. 
The permeability of the walls of 
venules was essentially normal. 

6. The most significant finding was 
the absence of the intermittent showers 
of rigid red-cell aggregates which had 
formed such a characteristic picture in 
the human poliomyelitis. 


ACUTE POLIOMYELITIS IN MONKEYS. Eighteen 
6 to 10-pound male rhesus monkeys (M. 
mulatta) were preselected for subsequent in- 
tracerebral inoculation with poliomyelitis virus 
by noting their phvsical appearance, changes 
in weight, and behavior over a period of 4 
to 6 months. During this time the following 
tests were made and often repeated several 
times on each animal: red, white, and dif- 
ferential blood counts, hemoglobin, hemato- 
crit, sedimentation rate tests, tuberculin skin 
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tests, and the animals were routinely fluoro- 
scoped. In the majority of these animals the 
results of these tests were within the normal 
range. Mild to moderate anemia was found 
in a few animals. During the course of pre- 
selection the anesthetized 
with sodium Nembutal, the superior tarsal 
plate transilluminated and the circulation 
studied at magnifications up to 150 diam- 
eters. Fourteen of the 18 animals had a 
pathologic 


animals were 


circulation consisting of aggre- 
gates of red blood cells. Such animals wer: 
separated from those which had a _ healthy 
circulation. Many of the animals with a 
pathologic circulation later died and ne 
cropsy revealed wide spread infection with 
acid-fast bacilli. The animals with a healthy 
circulation were intracerebrally inoculated 
with poliomyelitis virus (Lansing, McKay, 
and Dust strains) and the course of their dis- 
ease studied by observing the changes in 
their circulation in the superior tarsal plate 
ind after the onset of paralysis the circulation 
was also studied in the blood vessels of the 


mesenterv, omentum, and in the smooth 


muscle of the gastrointestinal tract at magni- 
fications up to 150 diameters 


THE SIGNIFICANT FINDINGS in monkeys 
were: 1. Monkeys showing paralysis 
between the 12th and 16th days did 
not exhibit gross changes in their be- 
havior before the 10th day, but changes 
in the circulation were noted 30 hours 
after inoculation. At this time the ma- 
jority of the circulating red blood cells 
were stuck into aggregates measuring 
10 to 12 micra in diameter and were 
often rigid enough just to resist passage 
through the tips of terminal arterioles. 
When arterio-venous-anastomosis 
opened so that the blood flow in a 
segment of a venule stopped, aggre- 
gates were formed which measured 26 
to 30 micra. These large red-cell aggre- 
gates were whipped apart into masses 
measuring 10 to 14 micra when a more 
normal rate of flow was re-established. 

During the following days there was 
a slow increase in the size and rigidity 
of these aggregates, reaching a max- 
imum between the 5th and 10th days 
of the disease. Such aggregates resisted 
passage through terminal arterioles but 
did not plug them. In veins aggregates 
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formed which 
measured up to 40 micra but usually 
such aggregates broke up into smaller 
masses in venules which measured 75 
to 100 micra in diameter. During the 
entire course of the disease no red-cell 
aggregates were ever seen which were 


of red cells were 


either large or rigid enough to plug 
arterioles. 

2. The reduction of blood flow by 
the red-cell through 
venules led to partial plasma fluid loss, 


aggregates 


some degree of hemoconcentration of 
the passing blood, the sticking of white 
blood cells to the lumen of these walls, 
and slight generalized dilatation of the 
walls. 

3. Many capillary beds were shut, 
and microscopically visible anemia was 
invariably present in arterioles. 

SUMMARY OF EXPERIMENTAL STUDIES. 
The main reason for studying the cir- 
culation in mice and monkeys inoc- 
ulated with poliomyelitis virus was to 
try to duplicate the pathologic cir- 
culatory changes found in the human 
disease. Had the circulatory abnormal- 
ities been similar, then attempts to 
eliminate the intermittent, temporary 
embolization would have been carried 
out in these animals. As it was, the 
attempts to eliminate the multiple tem- 
porary embolization will have to be 
made in human poliomyelitis patients 

Discussion. There was ample evi 
dence in the literature that neurones 
may be injured and die following var 
ious degrees of reduction in blood 
supply or oxvgen supply, as shown by 
De Buck and De Moor®, Gomez anc 
Pike’, Tureen?*, Bronkt and 
Bronk, Larrabee and Davis® found, fo 
instance, that the cells of the mammal 
ian cortex, with their high rate of ox 
vgen consumption, could survive les 
than one minute of total anoxia. Th: 
literature dealing with degrees o 
anoxia less than total asphyxia wa 
highly variable, different authors 
claiming that various degrees of cellu- 
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lar damage could be caused by dif- 
ferent degrees of interruption of blood 
supply or oxygen supply. Gildea and 
Cobb'® found cytologic changes in 
ortical cells after 10 minutes of total 
inoxia. There was no evidence in the 
iterature indicating that any neurone 
other than those of the myenteric 
plexus (Cannon and _ Burket?, Cho- 
dos*) could withstand reduced blood 
supply for more than a few minutes 
without either cytological or functional 
lamage, or both. 

The variability of the sites of cellular 
lamage-found in the central nervous 
ystem and the great variability of the 
symptoms caused by poliomyelitis have 
recently been emphasized by Bodian*. 
he indiscriminate scattering of mul- 
tiple minute emboli with or without 
reduced blood flow throughout the 
entral nervous system could be in 
trict agreement with the scatterings of 
the recorded descriptions of cellular 
lamage and the symptom complexes of 
As will be pointed out 
there was no reason to assume that the 
ultiple embolization, with or without 
duced blood flow, alone caused all 
e damage done’ to neurones in this 


this disease. 


ease. 
Multiple, minute, temporary embol- 
ition of visible terminal arterioles 
is a common finding in human polio- 
elitis. Permanent embolization of 
ill blood vessels was also found, but 
ch less frequently. The “sludge” 
ising this multiple, minute, tempo- 
embolization in patients had phys- 
characteristics differing from the 
re “simple sludges” previously des- 
bed. 
Multiple minute temporary embol- 
tion” is a new concept in pathologic 
siology. 
\ionkeys and mice inoculated with 
iomyelitis virus each developed in- 
vascular abnormality (a sludge) but 
the same kind as found in human 
ents. The multiple minute tempo- 


rary embolization was not found in 
these animals. 

It was possible, therefore, to con- 
clude that diseases with similar names 
could operate through different sets of 
mechanisms to produce cumulative sets 
of results which had similar histo- 
pathologic and symptom aspects. This 
was particularly true when the “re- 
sults of disease” under consideration 
consisted of damage to tissues, and the 
“symptom” consisted, for the most part, 
of loss of functions ordinarily ascribed 
to the tissues damaged. 

From the microscopic observations 
reported in this paper and study of the 
literature, it was possible to indicate 
and outline three sets of mechanisms 
whereby the disease “human_ polio- 
myelitis’ may be damaging human 
neurones: 

l. The virus grows in the neurones 
and, by the chemistry of its metabol- 
ism, or by its multiplication, or both, 
it damages the inside of the neurone. 
Some neurones may be killed by these 
processes and some may receive lesser 
degrees of injury from which recovery 
is possible. This is an outline of the 
current concept of the mechanism 
whereby poliomyelitis virus damages 
neurones, as suggested by Faber’®, 
Fairbrother and Hurst'!, Howe and 
Bodian'®, and Hyden"®. 

2. The grows inside the 
neurones and by its metabolism causes 
the neurone to release substances 
which pass outside the neurone into 
adjacent small blood vessels and there- 
by initiate clotting of the contained 
blood and thrombosis of these neurone- 
adjacent vessels. The supply of neces- 
sary anabolites, such as oxygen and 
glucose, would thereby be prevented 
from reaching the already damaged 
neurones. The metabolites of the 
neurones also accumulate around the 
damaged and anoxic neurone and from 
an accumulation of such processes 
some of the neurones die, and some 
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recover. This concept was proposed in 
essentially this form by Zilliacus**. It 
is a particularly attractive concept, for 
nervous tissue is known to contain high 
concentrations of thrombokinetic sub- 
commercial throm- 
boplastin being extracted from nervous 
tissue 


stances, much of 
Furthermore, accessory experi- 
ments in our laboratory have shown 
that crude juice from crushed brain 
applied to small mesenteric vessels of 


the same species caused instant clot- 
ting of the blood in them and thus 
local thrombosis (compare Knisely, 


Eliot and Bloch!) 

3. By means of completely unknown 
the 
poliomyelitis-infected human patients 
changes, so that the blood cells agglut 
inate into 


processes, circulating blood of 


which are 
large and rigid enough to cause tem- 
porary plugging of terminal arterioles 
which they enter. Thus each terminal 
arteriole of the body undergoes re- 
peated temporary 


masses, some ot 


embolization, and 


tion 
The cells of the body which are most 


undergo permanent emboliza- 


to decreases in and 
would suffer first 
from such processes. Neurones require 


rathe1 


sensitive oxygen 


and worst 


glucost 
high, and so far as we know, 
continuous, rates of oxygen and glu- 
Thus the multiple inter- 
temporary 


cose supply 
mittent embolization of 
each arteriole tip could be expected to 
damage adjacent neurones. 

There is no reason to assume that 
any of the above three sets of processes 
all the neurone damage found 
in every human poliomyelitis patient. 

Further, it seems possible that these 
three sets of mechanisms may be op- 
erating at different rates in different 
poliomyelitis patients. The three sets 
of mechanisms could easily act at dif- 


Causes 


ferent degrees of severity, or at dif- 
ferent both, for various 
lengths of time and yet, as far as his- 
topathologic material 


rates, or 


and symptom 


complexes could show, the summation 
of the processes might be almost indis- 
tinguishable. 


Summary. 1. The in vivo microscopic 
reactions of the circulating blood and 
blood vessel walls in the bulbar con- 
junctiva were studied in 262 patients 
in which 496 observations were made 
during the epidemics of poliomyelitis 


in 1942, 1946, 1947 and 1948. 


2. The in vivo microscopic reactions 
of the circulating blood and blood ves- 
sel walls were studied in the peripheral 
the internal or- 
gans of mice and rhesus monkeys in 
tracerebrally infected with the Lansing 
Dust, and McKay strains of poliomye 
litis virus. 


ocular tissue and in 


3. In the human poliomyelitis: 

a) The majority of the circulating 
red blood cells were stuck into 
two kinds of aggregates, one 
of which was sufficiently large 
and rigid to produce intermit- 
tent temporary and occasion- 
ally permanent embolization of 
arterioles. 


b) There was an associated slight 
to moderate anemia which was 
microscopically visible in a1 
terioles. 

c) Many capillary beds wer 


shut, which was suggestive of 
a decrease in the blood vol 


ume. 


d) The severity of the intravas 
cular abnormality was roughl 
proportional to the extent of 
the symptomatic involvement 
of the central nervous systen 

1. In the poliomyelitis of mice and 
monkeys. 

a) Red-cell forme | 
which very small and 
soft and did not resist pa 


aggregates 


were 


sage through arterioles. 
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b) Intermittent embolization of 5. A concept was proposed in the 
arterioles by cellular aggregates analysis of the mechanism of how the 
was never seen. disease poliomyelitis damages the body. 
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INFLUENCE OF AGE AND SEX ON THE URINARY BLADDER 
RETENTION ASSOCIATED WITH ACUTE POLIOMYELITIS 
By Cart H. WreatHerty, \1.D 
ASSISTANT RESIDENT IN) PEDIATRICS 
AND 
ALEx |. SreigGmMan, M.D 
PROFESSOR OF CHILD HEALTH 


Fri Department of Pediatrics, University of Louisville School of Medicine and_ the 
Louisville General Hospital, Louisville, Kentucl 

HE occurrence of urinary retention years), and another group from through 
in poliomyelitis patients is not rare. !4 = nd cults 
Valk® stated that 8% of pationts scon totter, The duration of 
at the University of Kansas Medical symptom. Standard methods of . statistical 
Center in the 1946 epidemic showed inalysis were employs using the deviation 
temporary paralysis of the urinary formula below! 
bladder; Lawson and Garvey* reported OBSERVATIONS ON INCIDENCE. In this 
such a finding in 10 to 20% of polio- caries of 296 patients there were 12] 
myelitis patients; and Toomey* ob- ales and 105 females. Thirtv-seven 
served an incidence of 15.5% among were infants less than 2 vears old: 147 
356 patients. were children 2 to 14 years old; and 

We wish to draw attention to IS old or older. The 
influence of age and of sex on the in-  ;atio of males to females in all age 
cidence and duration of this compli groups was approximately the same 
cation during the early stages of acute The total incidence of urinary reten 
poliomyelitis. The analysis of data re- tion was 204. 
lates to 226 acute poliomyelitis pa- \s indicated by Fig. 1. no infant 


tients seen on one hospital service dur- 
ing 1950+. 


Methods. Standard criteria? were employed 
for establishing a diagnosis of acute polio- 
the 226 children adults 
Urinary retention was recognized on the basis 
vf the a complaint of inability to 
void; bladder distension; and in the younger 


myelitis in and 


following 


under 2 years of age was observed to 


have evidence of urinary retention 


examined fre 


ot 


with 


These 37 infants were 


quently for evidence unrelieved 


bladder 
overflow incontinence. 


able of 


distension or without 


All seemed cap 


voiding and exhibited no re 


children, discomfort and restlessness relieved tention. Among the 147 other chil 
by catheterization. dren aged 2 to 14 vears there were 
, For reer! purposes, the detailed clinical 24 cases. or an incidence of 16.3% 
data on each patient were transferred to a . . ~ 

standard punchcard{. The incidence of urinary 
retention was related to age, with the chil- of age or older there were 21 cases, ar 
dren being divided into infants (those under incidence of 50.0% 

* Present Address: 3565th Medical Group, James Connally Air Force Base, Waco, Texas 

+t Current analysis of 358 acute poliomyelitis patients tr ited in 1952 is incomplet but i 
thus far consistent with the findings herein reported 

t We are grateful to Mrs. B. Pearson of the University of Louisville De partment of Com 


munity Health for invaluable assistance with the records. 
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rhe influence of age upon the in- 
idence of this complication seems 
lear-cut. This is true even if one omits 
the 37 infants who gave no evidence 
ft retention. Thus, we calculated the 
tandard error of diference between 
the 16.3% rate in childreu and the 50.0% 


rate in the older patients using the 


p.q. (nit x2) 


which p is the overall percentage 


formula oD 


Percent 
1007 


We have no explanation for the 
greater incidence of retention in the 
older patients, except for the general 
agreement that many of the other com- 
plications of poliomyelitis are more 
frequent and severe in adolescents and 
adults than in younger age groups". 

We did not establish a relationship 
between the greater incidence of 
urinary retention in our older patients 


90+ 


NONE 
804 of 


37 


AGE 
(Yrs) ce 


the two samples having the charac- 
istic (retention), q is l-p, n, being 
number in the first sample and 
the number in the second sample. 
standard error of the difference 
tween the samples equals _ 7.4%. 
ictual difference (50.0%—16.3%) is 
The probability of this occurring 


Ti 


ie basis of chance alone is but | 
5.000. 


24 2! 
of of 
147 42 


Indicates incidence of urinary retention with increasing age. 


and more severe limb paralysis in that 
group. Two children (7 and 12 years ) 
with bulbar poliomyelitis exhibited 
urinary retention without any clinically 
detectable weakness of the trunk or 
extremities. As a group, however, pa- 
tients with retention more frequently 
had involvement of the lower extremi- 
ties than did those without retention. 
Thus only 48.5% of patients above 2 


10 


years without 


retention had involve- 
ment of one or both lower limbs; while 
80.0% of patients with urinary reten- 
tion had of one or both 
lower limbs. This would seem to sup- 
port the belief that paralysis of the 
urinary bladder associated with polio- 
myelitis is related to severity of 


involvement 


in 


WEATHERLY, 


STEIGMAN: 


evident that male patients had urinary 
retention for 
female. Twelve of 


periods 
95 


longer than 
the males had 
retention for 48 hours or longer; while 
only 3 of the 20 females had involve- 
ment for so long a time. 

Also to be noted is the fact that of 
the 11 males 15 vears of age or older, 


volvement in the spinal cord or au- 6 (54.5%) had retention for at least 
DAYS 
0 
O=Male 
9-10- 0 
X= Female 
8-9 - 
7-8 4 
6-7 4 O 
Zz 5-6 0 
= 
2-3 00 x 
4 xX eke) 
XX 00 XX 
xX 
00 xX 
“7 00 XX 
AGE (Yrs) 2 - 14 15 
Fic. 2.—Indicates increased duration urinary retention in male 


tonomic structures rather than in higher 
brain stem centers. 

OBSERVATIONS DuRATION. The 
duration of urinary retention varied 
considerably. Thirteen of the patients 
required assistance to empty the blad- 
der only occasion. On the 
other hand, a 26-year-old man was 
unable to void spontaneously 15 
days 


ON 


on one 


for 


Figure 2 


2 illustrates our experience 
with 


the duration of retention. It is 


patients 


72 hours; while of the 14 less than 15 
years of age only 2 had retention as 
long as 72 hours. Among our patients 
the older female was not subject to 
the risk of prolonged retention that 
the older male was. 

Summary. (1) The urinary retentior 
associated with acute poliomyelitis is 
more common in adolescents and adults 
than in infants and children. Thus, thi: 
complication appeared in none of 37 


n as 
ients 
t te 
that 


ntiol 
tis 1 
idult 
thi 


of 3 


URINARY BLADDER RETENTION ASSOCIATED WITH ACUTE POLIOMYELITIS 41 


infants, in 16.3% of 147 children, and in tion is longer in male patients with 


30.0% of 42 adolescents and adults. acute poliomyelitis than in female pa- 
2) The duration of urinary reten- _ tients. 


REFERENCES 


Arkin, H., and Colton, R. R.: An Outline of Statistical Methods, 4th ed., New York, 
Barnes and Noble, Inc., 1939. 
Definitive and Differential Diagnosis of Poliomyelitis, The National Foundation for Infan- 
tile Paralysis, Inc., New York, 1951. 
Lawson, R. B., and Garvey, F. K.: J. Am. Med. Assn., 135, 93, 1946. 
1. Toomey, J. H.: Am. J. Dis. Child., 45, 1211, 1932. 
5. Valk, W. L.: J. Kansas Med. Soc., 49, 102, 1948. 
Weinstein, L., Shelokov, A., Seltser, R., and Winchell, G. D.: New Eng. J. Med., 246, 


296, 1952. 


l 
I 
st 


CATALASE AND ESTERASE CONTENT OF HUMAN LIVER 
OBTAINED BY NEEDLE BIOPSY 
DALE, 


By BARBARA G. B.Sc.* 


Fro the Clinical Research Unit of the Walter and Eliza Hall Institute of Medical 


and the Royal Melbourne Hospital, Melbourne, Australia 


Re 


NEEDLE biopsy of the liver, intro- 
duced in modern medicine by Iversen 


and Roholm in 1939'® has become an 
accepted procedure in the investiga 
tion of human liver disease and is now 
a routine practice in many gastroen 
terological clinics. In conjunction with 
the biochemical liver function tests the 
histological examination of biopsy ma- 
terial so obtained has helped consid 
erably in elucidating the natural his 
tory of infectious hepatitis and nutri 
tional hepatitis, and in the diagnosis of 
obstructive jaundice, carcinoma and 
granulomata of the liver. Routine his 
examination, only 


tological however, 


demonstrates more gross abnormality 
of structure and in numerous condi 
tions where derangement of cell func 
tion is almost certain, little abnormal 
ity is otten 


made in the field of cytochemistry to 


seen. Attempts are being 


demonstrate less obvious, but yet sig- 
nificant changes in the liver cells, and, 
following Gomori’s'® technique for the 
estimation of liver cell alkaline phos- 
phatase, further methods for the esti- 
mation of liver enzymes by staining 
techniques have been elaborated. 

It was felt, however, that such tech- 
niques were often open to the faults of 
staining methods in general where fix- 
ation of tissue is employed, and that a 
direct 

using 


estimation of liver en- 
material 


biopsy might yield less equivocal re- 


more 
zymes obtained by 
sults. Liver catalase and esterase were 
chosen for study because they are 


known to occur in high concentration 
in the liver and micro techniques are 
their 


The present study is concerned with 


available for estimation. 


the activity of these 2 liver enzymes in 
cases of infectious hepatitis, and in 
cases of alcoholic nutritional hepatitis 
where the liver showed varying de 
infiltration with minimal 
fibrosis. \Moreovet 
latter 
tetraethylthiuramdisulphide 
for their 


sible to study 


grees ot fatty 
since many of these 
Antabuse 
therapy 


patients were given 


alcoholism, it was also pos 
the effect of oral Anta- 
buse on the actin itv of these enzymes 
This thought to be of 
since Kjeldgaard 


was interest 


and Graham!® have 
activity of 
aldehyde 
Antabuse 


shown that the a prepara 


tion of liver oxidase is in 
hibited by 


‘| he 


were 


study 
both the 


liver shows a pronounced histological 


two chosen for 


selected because in 
change which in infectious hepatitis is 
frequently accompanied by consider 
routine liver 
in both dis 


eases this change is reversible, so that 


able abnormality in the 


function tests; moreover, 
it was possible in several instances t 
study the enzyme activity during th 
illness and again when healing ha 
occurred. 

In every instance some of the live 
was taken for histological examinatioi 
and, in the majority of instances, rou 
liver function test 


tine biochemical 


were carried out. 


* Aided by a grant from the National Health and Medical Research Council, Australia 


CATALASE AND ESTERASE 


The enzyme activities of specimens 
f liver from a group of 4 subjects who 
linically and histologically showed no 
signs of liver disorder, were used to 


rive normal levels. 


| Methods. Liver tissue from the right lobe 
\btained for enzvme study by using the 

hnique f King and Perry22. This was 

me when a biopsy was being performed 

on for histological examination. Usually a long 
ure er was obtained and a portion was 


| for both examinations, but occasionally 


th liver | tures were needed. The average 
7 nt of r obtained for analysis weighed 
t 25 mg. The specimen of liver 
- blotted filter paper and homogenized 
itis it pyrex homogenizer in approximately 40 
de liter f 0.84% saline buffered to pH 
nal 6.8 with M/200 phosphate buffer. The 
te kept on ice and_ aliquots 
taken { the determination of nitrogen 
ae tent I enzyme activity 
ip Gl ETERMINATION. The total nitro- 
OS tent the homogenate was used as 
ita basis for the expression of the enzyme 
nes ty hive ( mim ol homogenate were 
nest este lI pyrex tubes by heating for 
to 6 hours with 0.1 cc. of the digestion 
ave Borsook and Dubnoff®, and the 
ara nia distilled in a standard Conway 
in t?. The timation was done in duplicate. 
en content of the liver homog- 
l as a standard of reference, 
vhich the liver appeared histo- 
the lly t ntain fibrous tissue much in 
rical normal have been grouped sep- 
is 1 
ZYMI DETERMINATIONS (a) Catalas« 
der nation. A micro modification of the 
livel thod of von Euler and Josephson!? was 
dis to determine catalase activity. Two 
that limeters of homogenate were pipetted 
ro time into 5 ce. of approximately N/200 
s ti en peroxide in M/15 phosphate buffer 
th 6.5 at O° C. One ce. portions were with- 
hac vn into 0.2 cc. of 5N H,SO, at intervals 
! 5 and 6 minutes and were then 
ed with standard N/100 potassium per- 
live inate The initial H.O. level of the 
atioi trate was determined by titration of 1 
_— tinst the potassium permanganate. The 
nent was pr rformed in duplicate and 
test locity constant, k, was determined 
the formula k logic 
a—x 
lia ea ro titer of KMNO,, 


titer of KMNO, at time t. 


CONTENT OF HUMAN LIVER 1°5 


An average of K for 4, 5 and 6 minutes in 
both experiments was used to determine the 
number of micrograms (meg.) of catalase 
nitrogen per 1000 mcg. of total nitrogen, 
assuming that 100 mg. of pure catalase in 
5 cc. of substrate will give a k value of 
10,000. 

(b). Esterase determination. The esterase 
activity of the homogenate was determined 
by a method based on that of Falconer and 
Taylor!3, in which the fall in pH produced 
when the enzyme hydrolyzes its substrate, 
ethyl acetate, is followed on a pH meter 
using a glass electrode. 

The calome ] half cell and the electrode 
vessel which was also the reaction vessel 
were contained in an air bath at 37° C. The 
substrate consisted of a solution of 0.1 ce. of 
pure ethyl acetate in 2 cc. of a_ borate- 
phosphate buffer pH 7.0 (62.3 volumes of 
0.05 M potassium ac id phosphate plus 
volumes of 0.0125 M_ sodium borate). 
0.2725 cc. was used per determination. Into 
this solution dipped the glass electrode and 
the tip of a bent glass capillary tube which 
Was paraffined inside and which served to 
hold the homogenate. Fine rubber tubing 
connected the other end of this capillary 
tube to a syringe which was operated fron 
the outside of the airbath. When the pll 
readings had been steady for about 7 min- 
utes, the homogenate was forced into the 
reaction vessel by means of the syringe. A 
few bubbles of air were also forced under 
the surface of the solution to ensure that the 
homogenate was distributed throughout the 
substrate. pH readings were taken every half 
minute for about 7 minutes and the pH 
values were plotted against time. The ester- 
ase activity was expressed as_ millivolts 
change per minute per microgram of 
nitrogen. 

HISTOLOGICAL EXAMINATIONS. The histolo- 
gical examination of the corresponding liver 
material involved a routine of hematoxylin 
and eosin and scharlach R stains on frozen 
sections, and hematoxylin and eosin, Best’s 
carmine and van Gieson’s stains on paraffin 
sections. For the purposes of correlation, es- 
timations were made of the relative amounts 
of normal parenchymal cells, degenerating 
liver cells, connective and inflammatory tis- 
sue and cells containing fat globules, by 
careful scanning of the sections. 

BIOCHEMICAL EXAMINATION. Routine liver 
function tests were carried out on the serum 
of the patients and as a rule, these were done 
within a day or two of the biopsy. These tests 
were the estimation of: serum bilirubin, (van 
den Bergh) cephalin flocculation, total ser- 


um protein, serum albumin and_ globulin 


globulin*4, prothrombin 
(King and 


index and 
Armstrong ) 


gamma 


alkaline phosphatas¢ 


Results. The results of this investi- 
gation are shown in Tables 1 and 2. 
These comprise 4 normal controls, 13 
cases of infectious hepatitis, including 
3 chronic cases, and 17 cases of nutri- 
tional hepatitis, 5 of which were ex- 
Antabuse therapy. 


amined while on 


DALE: 


4 of the patients were examined before 
and during Antabuse therapy and one 
of these had a third biopsy after dis- 
continuance of therapy. Case No. 34 
was the first in which the effect of 
Antabuse was observed and no biopsy 
was done prior to therapy. Figure | 
shows the enzyme activity graphed 
severity of the 


igainst the clinical 


case as judged by consideration of the 


CATALASE ° Units 5480 380-480 280-380 <280 
ESTERASE x Units = 199 149-199 99-149 < 99 
NORMAL CONTROLS 0000 

Mild 0° 
| 
INFECTIOUS Moderate Acute tele) RX 
HEPATITIS Severe g | 
| 
53999 
HEPATITIS Severe ° xx ° | 

On Antabuse (mild) oo 

Fig. | Relation between clinical findings and enzyme levels. The results of the estimations 


have been divided into four arbitrary groups in descending order « 
the first group determined by the control estimations. In acute infec 


f enzyme activity with 


tious he patitis, increasing 


severity of the disease was accompanied by corresponding reduction in enzyme activity. In 


( hroni 
ot enzyme 
“Normal” 


while the 


group 


Repeated examinations to determine 
made in case of 
infectious hepatitis (No. 14) and in 


2 cases of nutritional hepatitis (Nos. 


progress were one 


18 and 20). The repeat biopsy on case 
No. 14 was done when the patient had 
normal health 
the liver appeared to be normal his- 


returned to and since 
tologically the case was included in 
the control group (Case No. 4). In the 


investigation of the effect of Antabuse, 


infectious hepatitis most estimations fell in the lowest group 
levels occurred in nutritional hepatitis wher 
However, Antabuse caused almost complete 


Less marked lowering 


most readings fell in the first 


inhibition of liver esterase 


ch inges in catalase levels were less marked. 


clinical, histological and biochemical 

pictures. 
NORMAL 

sults 


ENZYMI The re 


obtained in the 


LEVELS. 
normal cases 


were used to set an arbitrary lowe 


limit of normality for each enzyme 
For catalase this was 480 10-? micro 
grams of catalase nitrogen per LOO 


micrograms of total nitrogen, and fo: 
esterase 199 millivolts chang 
per minute per microgram of nitrogen 
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Hepatitis. As can be 
Fig. 1, the activity of liver 
esterase was found to be reduced in 
every and this reduction was 
more marked as the severity of the 
disease increased. Reduction in cata- 
lase level also occurred, but this did 
not appear to be as sensitive to liver 


INFECTIOUS 
seen in 


Case 


damage as the esterase. In 


when she appeared to be completely 
well except for a persistently positive 
cephalin flocculation test: 


Case No. 14 P.D., a schoolmistress aged 
23 years was admitted to hospital on 24 
August, 1951. For the past week she had 
suffered from typical infectious hepatitis with 
epigastric discomfort, nausea, general aches 
and pains followed by dark urine and jaun- 


general, dice. There was no history of contact 
= 
ail 
< 
299 O 680+ CASE No |4 NORMAL |. 60°%o 
- CELLS 2 98% 
= 
z 
= 
Ww 
< 
= 199 < 480 — 
> 3 
= 
< 
U 
2 ss 
8 
280, 
4 = 
* x 
WwW 
< 
U ©) 2 4 6 8 
MONTHS 
LOWER LIMIT OF NORMAL O— —0 CATALASE @—@ ESTERASE 
Fig. 2.— Showing considerable reduction in the catalase and esterase activity of a liver frag 


ment in a case of severe infectious hepatitis, and the return to normal after clinical recovery 

had taken place. There was a corresponding improvement in the histological appearance of 

the liver fragment. Percentages indicate the number of normal polygonal cells as estimated 
from sections of the first and second liver biopsies 


then, as the liver damage increased, 
as judged by the histological appear- 
ance and the results of the liver func- 
tion tests, the activity of the enzymes 
decreased, in some cases to very low 
levels. 

One patient, (No. 14) who was 
severely ill when the first biopsy was 


done, was examined after 7 months 


Examination revealed the patient to be 
jaundiced and the liver and spleen were en- 
larged and tender. There was increased ser- 
um bilirubin (20 the 
urine, 3-4 cephalin and 
moderate increase in the alkaline phos- 
phatase (30 units). Liver biopsy 4 days 
after admission showed the typical picture 
of moderately severe acute virus hepatitis 
with some centrilobular necrosis and con- 
siderable periportal cellular infiltration (Fig. 
3), Catalase: greatly reduced (277), ester- 


urobilin in 
flocculation 


units ), 


d 
h 
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ise: greatly reduced (72) (Fig. 2). One Curonic Inrecrious Hepatitis. All 
month later her symptoms and signs had re- 


, 3 of these patients were moderately 
solved except that she still retained a 2 ; ‘ i. 
cephalin floc ( ulation test. She was discharged ill and the results of the biochemical 


from hospital and has remained well until investigation pointed to considerable 
the present time. In view of the persistently 
cephalin histologically. The liver in these 
liver blopsy was performed months after the 

first in order to confirm the resolution of the people showed a large increase of 
liver changes. The biopsy fragment now 


liver damage which was borne out 


fibrous tissue and in every assay the 


showed complete resolutior (Fig. 4). 

sata er eee 5 enzyme activity was found to be low. 
Catalase normal (494), esterase: normal ne / 3 

247 This was to be expected since the 


ig. 3.— Liver biopsy from a patient with severe infectious hepatitis taken at the height of the 
Iness (P.D., Case No. 14). There is considerable cell infiltration of the portal tracts, extending 
itwards into the liver parenchyma. Catalase: 277. Esterase: 72. Hematoxylin and eosin. x 135. 


1.— Liver biopsy from the same patient as Fig. 3, taken 7 months later when full clinical 
recovery had occurred. The histological appearance of the liver is now normal. 
Catalase; 494, Esterase: 247. Hematoxylin and eosin. x 135. 
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nitrogen content was used as the basis 
for the expression of the enzyme ac- 
tivity of the homogenate and a pro- 
portion of the nitrogenous material 
was enzymatically inactive fibrous tis- 
sue. Furthermore, the fibrous tissue in 
cirrhotic livers tends to be patchy and 
would lead to variable results. Some 
reduction in parenchymal cell enzymes 
may well have been present, but the 
above factors make this difficult to 
aSSESS 


NUTRITIONAL Hepatitis. It is charac- 
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normality is noted in the liver func 
tion tests even though the fatty change 
in the liver is gross. Similarly, although 
some depression of enzyme _ activity 
was found, especially in the moder- 
ately and severely ill patients, this de- 
pression was not great e\ 
in which 60 to 85% of the liver cells 
contained fat. Some improvement may 


en in livers 


have occurred in the interval between 
admission to hospital and biopsy. The 
results obtained by using the nitrogen 
content of the homogenate as a basis 


teristic of this disease that little ab- for the expression of the enzyme ac 
NUTRITIONAL NUTRITIONAL HEPATITIS 
HEPATITIS ON ANTABUSE THERAPY — 
A CASE No 20 1 @5%e C. case Ne 29 1 23% 
299 680+ FAT som, FAT 2 
_-0 
99 ©6280 |7 
Ne.i8 D case we 24 
FAT 2 10-12% | 
2 2% 
a 
z 
= a 
S680} a\ 
| 
| 
199 2 480 
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Fig. 5.— A and B show the minor reduction in liver catalase and esterase activity in cases of 


nutritional hepatitis and the increase in the enzyme levels which occurred in these patients 


after several weeks of bed rest and good diet. 


C, D and E show the remarkable reduction in liver 
in nutritional hepatitis patients who were being treated with Antabus« 


reduction in the catalase level in 2 cases. 


to 


There was also some 


esterase which was found occur 


Figure D shows the return of the enzyme levels towards normal after discontinuance of 
Antabuse. Percentages indicate the number of polygonal cells containing fat as estimated from 
first, second and third liver biopsies. 


TT. 
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tivity indicate the activity of the sur- 
viving liver tissue. If on the otner 
hand, the activity had been referred 
to the weight of liver used, the re- 
sults would have been reduced in pro- 
portion to the fat content. In 2 cases, 
the liver biopsy was repeated after 
several weeks of bed rest and good 
diet. Case No. 20 showed a reduction 
in the number of liver cells containing 
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fat from 85% to 50% in 3 weeks. The 
catalase and esterase both increased in 
this time, but the catalase was still 
below the normal level (Fig. 5a). 

The first biopsy in Case No. 18 
showed 80% of the cells containing fat, 
whereas one month later, this was re- 
duced to 2% (Figs. 6 and 7). Prac- 
tically no change occurred in the 
esterase value which was slightly low, 


6 


g Liver biopsy from a patient with severe nutritional hepatitis associated with 
lcoholism (C.C., Case No. 18). There is gross fatty change in the parenchymal cells of the 
er, but no excess fibrosis. Catalase: 591. Esterase: 161. Hematoxylin and eosin. X 135. 


7.— Further biopsy from the same patient as Fig. 6 obtained one month later after the 


ministration in hospital of a liberal diet. The fat has now almost completely disappeared. 
Catalase: 992. Esterase: 172. Hematoxylin and eosin. X 135. 
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but the catalase, which was originally 
normal, showed a 
crease (Fig. 5b). 


considerable in- 


Case No. 18. C.C., a housewife, aged 35 
years, was admitted to hospital on 15 Feb 
1951 suffering from chronic alcohol- 
ism, malnutrition and peripheral neuritis. 


ruary 


The liver was tender and enlarged 3 cm 
below the right 


moderate peripheral neuritis. 
She 


costal margin. There was 


was given a liberal diet and vitamins 


and made considerable improveme nt. 


tunction tests were within normal 
rhe liver biopsy taken 5 days after 
admission showed severe diffuse fatty accum- 
ulation in the polygonal cells with only mini- 
mal cellular infiltration in portal tracts and 
minimal fibrosis. Catalase was normal (591), 
and esterase was slightly reduced (161). The 
biopsy was repeated one month later and 
showed almost complete disappearance of 
the fat. The portal tracts and central vein 
areas showed only slight increase in collagen 
tibers again normal (992). 
ind esterase was slightly reduced (172 
She was not viven Antabuse. 


Live I 
limits 


Catalase was 


NUTRITIONAL HEPATITIS ON ANTABUSE 
THERAPY. A very striking reduction of 
liver esterase was found to occur in 
t patients who were taking Antabuse 
when the biopsy was performed. In 
each case there was residual activity. 
but this was at such a low level that 
it could not be determined accurately 
owing to technical difficulties. Figures 
oc (Case No. 29), 5d (Case No. 24) 
and 5e (Case No. 32), show the dra- 
matic fall which occurred in the ester- 
ase activity of 3 patients after the ad- 
ministration of the drug. Slight de- 
crease of the catalase level occurred in 
2 cases. In Case No. 24. the biopsy was 
repeated one week after Antabuse 
therapy had been discontinued, and 
it was found that the esterase level had 
risen, but was still very low while 
the catalase, although in the normal 
range, had not returned to the value 
obtained prior to giving Antabuse. 


Case No. 29. L.McL., a fitter, aged 31 
years was admitted to hospital on 14 Janu- 
ary, 1952. He had suffered from alcoholism 


and malnutrition for over a yea 


Recently 
he had epigastric pain and vomiting and for 
2 weeks had been jaundiced. 

Physical examination revealed slight jaun- 
dice, and the liver was tender and enlarged 
2 cm. below the right costal margin. 

The serum bilirubin was 5 units and the 
serum albumin was 2.9 gm. per 100 cc 
a full diet and during his 


stay in hospital his symptoms abated. 


He was given 


after 


¢ hange 


The first liver biopsy taken 5 days 


admission showed moderate fatty 


with accumulation of 


some inflammatory 
cells in portal tracts A second biopsy rs 
weeks later revealed slight fatty change in 


polygonal cells and slight inflammatory reac 
tion in portal tracts 
tion was normal 
(267). Antabuse was 

b.d.) and continued 

from hospital. Six days 
of Antabuse therapy, a 


The catalase determina 


(617), as was the esterase 
now begun (1 gm 
until his 
after the 
third 
performed and histologically 
deviation 


disc harge 
beginning 
biopsy was 
littl 


agaln 


showed 
Catalase was 
greatly re 
a trial with 


from normal 


normal (630). but- esterase was 


duced (82). He was not given 
alcohol during these tests, but one we ek after 
the last biopsy a trial showed a severe 


reaction. 

Case No. 24. W.P 
vears was admitted to hospital on 13 March 
1952. He had been 
trition for the past 5 years, and had been in 


a storeman, aged .28 


an alcoholic with malnu- 


years previously tor nutritional 


Recently he 


toms of peripheral neuritis. 


hospital 
hepatitis had developed symp 
examination included 
memory, tremor of the 
peripheral neuritis, and the liver was pal 
pable 2 cm. below the right costal margin 


Findings on poor 


coarse hands, mild 


There was only slight rise in serum biliru 
a full diet and 


improveme nt. 


bin (2 units). He was given 


made a_ satisfactory 

A liver biopsy taken 5 days after admis 
sion showed only slight fatty accumulation 
in the polygonal cells. Catalase activity was 
normal (672) as was esterase (333). He was 
t.d.s), but no trials 
A second biopsy one 


given Antabuse (1 gm 
with alcohol were made 
week later showed no pronounced histolog 
ical change. Catalase was slightly reduced 
(459), and esterase greatly reduced (18) 
Antabuse therapy was discontinued immedi 
ately after the second biopsy and a third 
biopsy was performed one week later. This 
again showed no 
catalase 
while 


(118). 


change. The 
(541) 


reducec 


histological 
normal 
considerably 


determination 
esterase was 


his 


poo! 

mild 
pal 

rgin 


lirn 
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Case No. 32. M.A., a housewife, aged 62 
years was admitted to hospital on 9 May, 
1952. For the past 10 years or more she had 
taken excess alcohol and her diet had been 
deficient. She now showed signs of malnu- 
trition with cerebral confusion, peripheral 
neuritis and enlargement of the liver. 

The total serum proteins were reduced, 
5.2 gm. per 100 ec.), but the albumin glob- 
ulin ratio was normal; otherwise the liver 
function tests were within normal limits. 
She was given a full diet with vitamins and 
made. satisfactory progress 

A liver biopsy performed 4 days after ad- 
nission showed moderate fatty change in the 
parenchymal cells, but no cellular infiltra- 
tion or fibrosis. Catalase was normal (578), 
iS was esterase 243). She was placed on 
Antabuse therapy (0.5 gm. b.d.) and_ this 
ontinued until 3 weeks later when a second 
biopsy revealed a similar histological picture 
except for some diminution in the amount of 
fat. Catalase was slightly reduced (446), 
while esterase was greatly reduced (75). No 


trial with alcohol was performed, 


\ fifth case (No. 33) was similarly 
investigated, but showed no fall in 
liver esterase and catalase following 
Antabuse administration. However 
trial with alcohol produced no subjec- 
tive reaction. No adequate explanation 
could be found for these findings, and 
the patient would not agree to further 
investigation. It is possible that he 
cunningly avoided taking the drug as 
some tablets were later discovered 
imongst his belongings. 

\ttempts have been made to dis- 
over if Antabuse will inhibit liver 
sterase in vitro. Mouse liver homog- 
nate was used and the Antabuse was 
idded in the dry state in concentra- 
tions as high as 30 mg./cc. homogen- 
te. In some experiments the hontog- 
nate was incubated with the Anta- 
uise before testing for esterase activ- 
ty. Slight reduction in activity was 
btained in a few instances but this 
eduction was not significant when 

mpared with that obtained in the 

man cases. Similar tests were per- 
rmed using a propylene glycol so- 
tion of Antabuse. However it was 
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found that propylene glycol _ itself 
caused considerable inhibition of liver 
esterase and although the propylene 
glycol solution of Antabuse caused 
greater inhibition, no satisfactory con- 
clusion could be drawn from these 
experiments. 

Discussion. The results obtained in- 
dicate that the enzymes selected, cata- 
lase and esterase may show significant 
changes in disorders involving the 
liver. 

Cara.ase. Until recently it was gen- 
erally accepted that catalase was con- 
cerned solely in protecting the cells 
from hydrogen peroxide which is 
known to arise in the body by the 
action of certain oxidases on their sub- 
strates. However, in 1945, Keilin and 
Hartree*' suggested that, taking into 
account the concentration of catalase 
in the liver, the more likely biological 
function is the catalytic oxidation of 
alcohols, making use of hydrogen per- 
oxide liberated in primary oxidations. 

Chance® considers that the oxidative 
action of catalase on alcohols and 
formaldehyde which requires only low 
concentrations of peroxide, may have 
some metabolic significance, whereas 
the catalytic breakdown of hydrogen 
peroxide to water and oxygen is purely 
to protect the cells from the action of 
hydrogen peroxide and does not occur 
unless the level exceeds certain limits. 

The in vitro inhibition of liver cata- 
lase can be brought about by chemi- 
cals such as cyanides, hydrogen sul- 
phide, and sodium azide. Many differ- 
ent factors will cause reduction of 
catalase in vivo. Protein starvation in 
rats results in loss of liver protein and 
of liver catalase. Restoration of both 
protein and catalase is effected by 
feeding a high protein diet**. Feinstein 
et al.'* reported that whole body 
Roentgen-radiation and intraperitoneal 
injections of hydrogen peroxide in 
mice reduce liver catalase. Dounce 
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that catalase 


was significantly lowered in histolog- 


and Shanewise!® found 
ically normal pieces of liver from 
tumor-bearing rats and there are sev- 
eral reports of decrease in liver cata- 
lase produced by injection of tumor 
and Adams! 
is the normal 


material into mice!‘ 

has found that not only 
liver catalase level greater in the male 
mouse than in the female, but this de- 
pressing action of tumor material is 
more marked in the male than in the 
female. He that this 


control of 


considers indi- 


cates some hormonal liver 


catalase. and has shown in further 


work that 


Causes a 


castration of male mice 


lowering of liver. catalase 


activity®. Restoration can be brought 
about by the injection ot testosterone 
which 


s also capable of raising the 
level of catalase in the female to that 
of the Adams*, working with 
mice, and Begg and Reynolds®, work- 


male. 


ing with rats have shown that adrenal- 
ectomy reduces the liver catalase level, 
that this is 
restored by injection of cortisone. The 


and Adams? has shown 
effect of castration is not as great as 
that of adrenalectomy and if the cas- 
trated male is adrenalectomized, the 
level falls to that of the uncastrated, 
adrenalectomized animal. 
both cortisone and testosterone are re- 
quired to- bring the level back to 
normal. 


However. 


EsterAseE. Although there has been 
a great deal of confusion in the past, 
it now seems clear that the enzyme 
esterase, occurs in the liver in high 
and is found attached 
to insoluble particles, in particular to 


the microsomes**. This enzyme :cadilyv 


concentration 


hydrolyzes esters of short ‘chain fatty 
including the fats triacetin, 
tripropionin and tributyrin, and is dis- 
tinct from pancreatic lipase which 
attacks simple esters of long-chain 
fatty acids’. The exact role of esterase 
in the body is not clear at present. 


acids, 


Substances inhibiting esterase in 


vitro include arsenilate, fluoride, di- 


iso-propyl fluorophosphonate, eserine, 
prostigmine and tetraethylpyrophos- 
phate’ 2% 


Several workers have reported fall 


in liver esterase activity in rats fed on 
Meikle- 


ham et al. fed rats for one week on 


a low or nonprotein diet? 


a protein-free diet and found that the 
30% ot 
its original value, longer depletion of 


liver esterase was reduced to 
protein did not reduce the esterase 
activity further. They aiso found that 


fed 


on a low protein diet compietcly re 


restoration of a full diet to rats 


stored the esterase activity. 

Necrosis of the liver ‘produced in 
mice by giving a large single dose of 
carbon tetrachloride was found to be 
accompanied by reduction in liver en- 


zymes, including esterase. These en 
zvmes, however, were resynthesized 
when regeneration of the liver cell: 


occurred?®, 

Inrectious Hepatitis. The diminu- 
tion in the enzyme activity which was 
found to occur in infectious hepatitis 
would be expected from the histologi- 
the which 
shows signs of cell degeneration and 


cal appearance of liver 
replacement of the liver cells by wan- 
dering cells of uncertain enzyme ac 
tivity. It is possible that the activity 
of the enzymes was inhibited by toxic 
materials produced by the action of 
that 
formation of new enzyme material was 
prevented by the metabolic distur- 
bance caused by the presence and pre- 
sumably by the multiplication of the 
invading virus in the liver cells. 
NUTRITIONAL HEPATITIS. 
tion in enzyme level which was found 


the virus on the liver cells, or 


The reduc- 


in cases of nutritional hepatitis was 
not great, but was usually associated 
with considerable fatty change which 
the malnutrition 
which frequently accompanies chronic 


is indicative of 


it 


ot 
that 
was 
tur 
pre- 
the 


luc 
und 
was 
ated 
hich 
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alcoholism. This reduction appears to 
be a result of this malnutrition, in par- 
ticular of protein starvation, since im- 
provement occurred in 2 cases after 
several weeks on a high protein diet. 
\nrasuse. Although there is no bio- 
chemical or histological evidence of 
changes in the liver brought about by 
Antabuse’, it is obvious that the drug 
or its metabolites are capable of dis- 
rupting certain enzyme systems of the 
liver as shown by the findings of Ed- 
wards! that high concentrations of 
\ntabuse caused 85% inhibition of ox- 
vgen consumption by rat liver homog- 
enate, and of Kje Idgaard?* and Gra- 
ham!® that liver aldehyde oxidase is 
inhibited by Antabuse, and by the 
present finding of inhibition of liver 
esterase and slight depression of liver 
catalase by therapeutic doses of Anta- 
buse. Whether it is the drug itself or 
a breakdown product which is re- 
sponsible for this effect is not known. 
Preliminary experiments on the effect 
of Antabuse on liver esterase in vitro 
were not conclusive but this may have 
been due to the state of solution of the 
lrug. Antabuse depends for its action 
m the unpleasant reaction experienced 
vhen alcohol is taken. It is known that 
the level of acetaldehyde in the blood 
rises, and Jacobsen*’ has suggested 
that this follows the accumulation of 
icetaldehyde in the liver which occurs 
is a consequence of the blocking of 
he oxidation of ethyl alcohol by Anta- 
use inhibition of aldehyde oxidase. 
The fact that there was always 
ome residual esterase activity, may 
ndicate the presence of some other 
nzyme which is capable of splitting 
thyl acetate, but which is unaffected 
y Antabuse. Wilson et al. had similar 
perience m studying the inhibition 
liver esterase by tetraethylpyrophos- 
late 
Conclusions. An analysis of the en- 


me content of human liver biopsy 
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material has proved to be practicable 
and to show significant variations in 
abnormal liver states. A lower limit of 
the normal range of liver catalase and 
esterase was set by studying norma! 
individuals. Sufficient numbers of con- 
trols were not investigated to estab- 
lish if sex difference occurs in the 
levels of these enzymes. Sex difference 
has been found to occur in liver 
catalase in experimental animals?. 

The activities of these enzymes, 
however, were found to have fallen in 
cases of acute infectious hepatitis and 
probably in chronic infectious he ‘patitis 
when allowance was made for yw 
mental difficulties, but to have fallen 
only slightly in nutritional hepatitis 
(“fatty liver”) associated with alcohol- 
ism. Where the drug Antabuse was 
administered a remarkable fall in es- 
terase activity and a much less pro- 
nounced fall in catalase activity were 
found and cl tended to return to 
normal after discontinuance of the 
drug. 

The correlation between levels of 
these enzymes and histology and liver 
function tests was good in cases of 
acute infectious hepatitis. In nutri- 
tional hepatitis where histological 
change was gross, there was neverthe- 
less ee abnormality either in enzyme 
levels or liver function tests. In pa- 
tients on Antabuse therapy, however, 
while the histological and routine bio- 
chemical findings revealed either no 
change or improvement, the fall in 
esterase activity appeared highly sig- 
nificant. 

Summary. 1. Catalase and esterase 
estimations were carried out on 47 
specimens of human liver obtained by 
aspiration needle biopsy. 

A lower limit of normal was de- 
ccreninedl by study of 4 controls. 

3. In acute infectious hepatitis, the 
levels of both enzymes fell in propor- 
tion to the seve rity of the disease. 
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CATALASE AND ESTERASE CONTENT OF HUMAN LIVER 
4. In nutritional hepatitis (“fatty 6. Catalase and esterase estimations 
liver’) associated with alcoholism, using needle liver biopsy material are 


there was sometimes some lowering of practicable and suggest that further 
the enzyme activity, but this was to study, perhaps involving other en- 
a lesser degree than in infectious hepa- zymes, may help reveal changes in 
titis. liver function at present not demon- 
5. In patients being treated with — strable by histological or routine bio- 
Antabuse, the liver esterase activity chemical techniques. 
fell to a very low level, whereas the 7. Some suggestions as to function 
catalase activity showed little or no and mode of action of catalase and 


fall. esterase are discussed. 
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THE INFLUENCE OF TEMPERATURE UPON THE 
HEPARIN AND CITRATE CLOTTING TIMES 


By SAMUEL LosNer, M.D. 


AND 
Bruno W. Vouk, M.D. 


From the Division of Laboratories, Jewish Sanitarium and Hospital for Chronic Diseases, 
Brooklyn, New York) 


Tue clotting time of normal venous 
blood as determined by the Lee-White 
method is greatly affected by the en- 
vironmental the 
freezing point of water, coagulation of 
normal blood may be prolonged in 
vitro to 20, 30 or more minutes, as com- 
pared with 8 to 15 minutes at room 
temperature. If coagulation is observed 
at 37° C. or higher temperatures, the 
Lee-White clotting time may be as 
short as 4 minutes or less, thus estab- 
lishing an inverse relationship between 
clotting time and environmental tem 
perature. 

Recently a procedure has been de- 
scribed in which the clotting time is 
determined after addition of subopti- 
mal concentrations of anticoagulant 
solutions to venous blood®:*, Whereas 
the original investigation was carried 
yut with various quantities of anti- 
coagulant solutions, the present study 
was limited to the determination of 
the clotting time after addition of 1 cc. 
‘f venous blood to 1 cc. of 0.003 molar 
‘olution of sodium citrate, hereafter 
eferred to as “citrate clotting time”. 
in the other hand, the “heparin clot- 
ing time” as described by Rosenthal® 
nd later by de Takats and renamed 
sensitized clotting time”!* determines 
he clotting time of 1 cc. of venous 

lood after addition of 4 micrograms 

f heparin as contained in 0.1 cc. of 

hysiological saline solution. 

The purpose of this study was to 

vestigate the influence of the en- 


vironmental temperature upon both the 
“citrate clotting time” as well as the 
“heparin clotting time” and to evalu- 
ate the practical significance in a thera- 
peutically induced coagulation defect 
such as the hypoprothrombinemic state 
after the administration of Dicumarol. 


Material and Methods. a. REAGENTS: 1) 
Solution of 0.1 molar concentration of sodium 
citrate. 2) Solution of 0.003 molar concen- 
tration of sodium citrate in saline. 3) Solution 
of heparin sodium in physiological saline con- 
taining 40 micrograms per cc. 

B. PROCEDURE: One cubic centimeter of 
0.003 molar solution of sodium citrate was 
placed in each of 4 glass tubes (13 x 100 
mm.). Similarly, 0.1 cc. of the heparin solu- 
tion containing 4 mcg. of heparin sodium, 
was placed in each of 4 glass tubes (13 x 
100 mm.). A pair of. tubes, one containing 
citrate solution and another containing hep- 
arin solution were placed in a waterbath at 
0° C., another pair of tubes was placed in 
a second waterbath at 37° C., and a third 
pair in a waterbath at 45° C. The fourth paii 
of tubes was kept at room temperature which 
varied during this study from 22° C. to 
26° C. 

Thirteen cubic centimeters of venous blood 
were withdrawn from the antecubital vein. 
A graduated centrifuge tube containing 0.5 
ce. of 0.1 molar solution of sodium citrate 
was filled up to the 5 cc. mark and served 
for the photo-electric determination of pro- 
thrombin time*. The remainder of the blood 
was placed in a large tube from which quan- 
tities of 1 cc. were rapidly pipetted off into 
each of the 8 tubes containing the citrate and 
heparin solutions, respectively, at 4 different 
temperatures. The tubes were tilted very 
gently at frequent intervals to determine 
whether the surface remained horizontal. The 
“heparin clotting time” as well as the “citrate 
clotting time” were reached when the re- 
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spective tube could be inverted without dis- 
placeme nt of the clot. 

Determinations were carried out in 30 
normal individuals and 30 patients receiving 
Dicumarol in whom the mean prothrombin 
time was 18.2 seconds. 


Results. The mean “heparin clotting 
time” of 30 normal human blood speci- 
mens at 0° C. was 3.3 hours, ranging 
from 1.5 to 5 hours, and declined to a 
mean value of 25 minutes at room tem- 
perature with a range from 20 to 29 
minutes. At 37° C. the mean “heparin 
clotting time” was 18.1 minutes with a 
range from 16.5 to 22 minutes and de- 
clined further at 45° C. to a mean 
value of 12.2 minutes ranging from 
10 to 14.5 minutes (Fig. la). 

In contrast to this pattern of steadily 
declining values, the mean “citrate 
clotting time” of 30 normal human 
blood specimens was 43.6 minutes at 
0° C. with a range from 27 to 74 min- 
utes and declined to a mean value of 
12.2 minutes at room temperature with 
1 range from 10.0 to 16.0 minutes, but 
then rose to a mean value of 16.5 min- 
utes at 37° C. with a range from 13 to 
20 minutes and then increased further 
considerably to reach a mean value of 
10.0 minutes at 45° C. with a range 
from 23 minutes to 64 minutes (Fig. 
lb). 

The mean prothrombin time of these 
30 normal blood svecimens was 12.6 
econds, varving from 11.4 to 13.2 
econds. 

The “heparin clotting time” of hypo- 
rothrombinemic blood could not be 
letermined at 0° C. because none of 
he specimens clotted within an obser- 
ition period of 5 hours. At room 
mperature, the mean “heparin clot- 
ng time” of 30 specimens of hynopro- 
irombinemic blood was 33.4 minutes 
ith a range from 23 to 44 minutes. 

further declined at 37° C. to 246 
inutes ranging from 17 to 30 minutes 
d was then reduced to 17.2 minutes 
hen carried out at 45° C: with a 
ige from 10 to 25 minutes. The mean 


“heparin clotting time” of hypopro- 
thrombinemic blood thereby followed 
the typical pattern set by the “heparin 
clotting time” of normal blood except 
for the fact that the values were gen- 
erally elevated (Fig. la). 

The mean “citrate clotting time” of 
30 hypoprothrombinemic blood speci- 
mens was 1.5 hours at 0° C., ranging 
from 50 minutes to 3 hours, and de- 
clined to a mean value of 23.4 minutes 
at room temperature with a range from 
14 to 57 minutes. From here on the 
mean “citrate clotting time” increased 
to 37.4 minutes when carried out at 
37° C. with a range from 23 to 68 
minutes. At 45° C., however, all “citrate 
clotting time” determinations of hypo- 
prothrombinemic blood remained fluid 
indefinitely, thus following the pattern 
set by the “citrate clotting time” in a 
parallel fashion (Fig. 1b). 

The mean prothrombin time of the 
hypoprothrombinemic blood speci- 
mens was 18.2 seconds and ranged 
from 15.2 to 24.7 seconds. 

Discussion. The inverse relationship 
between the Lee-White clotting time 
and the environmental temperature 
seems to be related to the fact that 
coagulation of blood involves chemical 
and enzymatic reactions, the velocity 
of which is significantly influenced bv 
the temperature’. The question as to 
whether the presence of heparin in 
vitro would affect this relationship was 
at least in part answered by Fowler’, 
who showed that 10 minutes after the 
intravenous administration of 25 mg. 
of heparin the Lee-White clotting time 
was prolonged when performed at 
room temperature, but that it was 
within normal limits when carried out 
at 37° C. This seemed to suggest that 
henarin does not alter the accelerating 
effect of temperature elevation upon 
the coagulation of blood. Although 
this conclusion is based uvon the in 
vivo action of hevarin the present 
study reveals that it also is applicable 
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to the in vitro effect of heparin. 

The fact that the “heparin clotting 
time” continues to steadily 
when the temperature rises beyond 
37° C. makes it necessary to consider 
the anticoagulant effect of heparin in 
febrile states. Provided that the in vivo 
action of heparin is comparable to its 
in vitro mechanism, one should assume 


decrease 


that in such conditions a given dose 
of heparin may not produce the anti- 
coagulant effect such as visualized by 
the Lee-White clotting time even if this 
test is performed, as it should be done 
routinely at 37° C. A more accurate 
evaluation of its anticoagulant effect 
would require the determination of the 
Lee-White clotting time at that par- 
ticular body temperature. 
Interestingly, the “citrate clotting 
time” does not follow the pattern set 
by the Lee-White clotting time or the 
“heparin clotting time” in its relation 
to the environmental temperature. The 
transition from room temperature to 
37° C. brings about a_ considerable 
prolongation of the “citrate clotting 
time” which continues to increase more 
markedly when the temperature rises 
further. This may be due to a more 
effective union of citrate with pro- 
thrombin, thus delaying or inhibiting 
higher temperatures. 
The possibility that citrate may unite 
with prothrombin has been suggested 
by Quick and Stefanini’ who found 
that tricalcium phosphate does not 
precipitate prothrombin from citrated 
plasma in contrast to oxalated plasma. 
In pursuing this assumption it is con- 
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ceivable that the union between citrate 
and prothrombin depends upon the 
environmental temperature and_ that 
prothrombin is inactivated by citrate 
at higher temperatures to a_ larger 
degree than at temperatures, 
thus compensating for the thermal 
effect exerted simultaneously upon the 
enzymatic processes. 

The results of the present study also 
seem to indicate that the “citrate clot- 
ting time” is more sensitive to a reduc- 
tion of the prothrombin level than 
the “heparin clotting time”. A compari- 
son of the “heparin clotting time” for 
hypoprothrombinemic 


lower 


normal and 
blood, both carried out at 37° C., shows 
an increase from a mean of 18.1 to 24.6 
minutes parallel with an increase of 
the mean prothrombin time from 12.6 
to 18.2 seconds. The same increase in 
prothrombin time is, however, asso- 
ciated with an increase of the “citrate 
clotting time” 16.5 to 37.4 min- 
utes when the determination is carried 
out at 37° C. 

Summary. 1. The pattern of inverse 
relationship between environmental 
temperature and Lee-White clotting 
time is followed by the “heparin clot- 
ting time,” but not by the “citrate clot 
ting time,” which increases at temper 
atures higher than 22° C. 

2. The anticoagulant effect of hep 
arin in febrile states may be less than 
that at normal body temperature. 

3. The “citrate clotting time” is more 
sensitive to the reduction of the pro 
thrombin level than the “heparin clot 
ting time.” 
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THE FAILURE OF ANTIBIOTIC THERAPY 
IN INFECTIOUS MONONUCLEOSIS® 


By Mayor Stuart H. WALKER, M.C.°* 


From the Departments of Preventive Medicine and of Medicine, School of Medicine, Western 
Reserve University, and the University Hospitals, Cleveland, Ohio.) 


INFECTIOUS mononucleosis has been 
characterized as a protean disease of 
childhood and young adult life. Its 
extremely varied course has led ob- 
servers to attribute beneficial effect 
to many therapeutic agents, all of 
which have eventually proved value- 
less. Recently several investigators?:!° 
8.40,43,45-47.53 have reported 
the antibiotic agents. aureomycin and 
chloramphenicol, to be effective in 
iltering the course of infectious mon- 
onucleosis, although other workers?®:*5. 

46 have concluded that these drugs 
ire ineffective. Because of the obvious 
conflict between these views, the pres- 
ent study was undertaken. The results 
of this evaluation of 78 cases of in- 
fectious mononucleosis seem to dem- 
nstrate an unaltered natural progres- 
ion of the disease toward organ in- 
volvement and either prolonged con- 
ilescence or rapid recovery, regard- 
ss of the introduction of aureomycin, 
iloramphenicol or placebo. 


17.99 33 


Materials and Methods. The case material 
d in the study comprises 78 patients with 
ectious mononucleosis admitted to the Uni- 
rsity Hospitals of Cleveland and the Con- 
ious Division, Cleveland City Hospital, 
tween January 1, 1948 and June 1, 1951. 
material is segregated into five groups: 
[. Patients treated with aureomycin but 
not part of the controlled study: 21 
cases (1948-1951). 


II. Patients treated with chloramphenicol: 
14 cases (1949-1951). 

III. Patients treated with aureomycin as 
part of the controlled study: 11 cases 
(1950-1951). 

IV. Patients treated with simulated aureo- 
mycin placebo as part of the control- 
led study: 10 cases (1950-1951). 

V. Patients treated symptomatically or 
with penicillin: 22 cases (1948-1949). 

The controlled study (Groups III and IV) 

was so organized that all patients with in- 
fectious mononucleosis admitted to the hos- 
pitals during the study period (July 1, 1950 
to June 1, 1951) were placed in either the 
aureomycin or placebo treated group, in 
accordance with the last digit of their hos- 
pital record number (odd or even). Some 
of the patients in Groups I, II, and V 
received penicillin or sulfadiazine in addition 
to the drug studied, but as the lack of effect 
of these drugs has previously been demon- 
strated, this factor was not considered to 
be of consequence. In other respects the 
care of all patients was comparable. Group 
V patients were selected from a period prior 
to the availability of aureomycin and chlor- 
amphenicol (January 1, 1948 to July 1, 
1949); this group includes all infectious 
mononucleosis cases admitted to the hos- 
pitals during this period. Antipyretic drugs 
were avoided, but other indicated supportive 
care was provided: The patients were not 
selected as to type of disease state; all com- 
mon manifestations are represented. Infec- 
tious mononucleosis was not epidemic in 
Cleveland during the periods of study. 
Criteria for the diagnosis of infectious 
mononucleosis and for inclusion in the study 
were based on the clinical picture and the 
presence of heterophile agglutinins in a 


This investigation was conducted under the sponsorship of the Commission on Acute 


piratory Diseases, Armed Forces Epidemiological Board, and was supported in part by 
Office of The Surgeon General, Department of the Army, and by grants from the Brush 
ndation, the Cleveland Foundation, the §. P. Fenn Trust and Mr. Philip R. Mather. 


* Present address: 184 Prince George Street, Annapolis, Maryland. 
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titer of 1:128 or greater, accompanied by 
10% or more of atypical lymphocytes in the 
peripheral blood smear. Six cases with lesser 
heterophile agglutinin titers were included 
since the clinical picture, the presence of 
atypical lymphocytes, and the absence of 
permitted the diagnosis 
of infectious mononucleosis. The frequency 
of insignificant titers in the presence of this 
disease, particularly in children?, has been 
well documented. Chiefly to study the role 
of secondary infection, repeated throat cul- 
tures were obtained on those patients with 
pharyngeal manifestations. Peripheral blood 
cell counts, heterophile agglutinin determina- 
tions, and urinalyses were repeated at fre- 
quent intervals in all patients. Liver function 
tests, cephalin flocculation and serum. bili- 
rubin determination were obtained on admis- 
sion and on approximately the fourteenth, 
twenty-eighth, and forty-fifth day of illness in 
the controlled groups. Daily clinical observa- 
tons were recorded on special record forms 
during hospitalization. 

An analysis of the objective features of 
mononucleosis which would be 
common to almost all cases was made to 
determine which would provide the best 
indications of the effectiveness of a thera- 
peutic agent. The criteria used for diagnosis, 
the heterophile agglutinin titer and the pres- 
ence of atypical lymphocytes, are not adapt- 
ible for this purpose, as they are exceedingly 
variable and persist for a long period after 
clinical recovery from the disease7. Fever, the 
evaluation of which has been the basis for 
most reports on the treatment of this disease, 
permits an estimation of clinical improve- 
ment, but its course may be altered by 
antipyresis without alteration in the funda- 
mental disease state. Thus, in addition to 
fever, an evaluation of the course of other 
physical signs of the disease is necessary, 
lymphadenopathy, hepato-spleno- 
megaly, pharyngeal inflammation, and rash. 
Hepatitis is one manifestation of this disease 
which is common to many cases and which 
is susceptible to laboratory measurement2®. 
Berk, et al.4 have demonstrated that the 
most common measurable abnormality pro- 
duced by the hepatitis of infectious mono- 
nucleosis is detected by the cephalin floccu- 
lation test. Fever, physical signs of disease, 
and the cephalin flocculation test were used 
in this study to evaluate the effects of therapy. 
Each of the manifestations studied appears 


any other etiology 


infectious 


such is 


* The aureomycin and placebo used in the controlled study were supplied by Leder! 


to be a direct result of the disease process 
itself and thus should effectively reflect alter- 
ations in this process. 

Therapy in categories I and II (aureomycin 
and chloramphenicol) was prescribed by 
many different individuals and, therefore, 
showed a wide dosage range, but in all 
cases the medication was continued until 
at least two days after the patient became 
afebrile. Daily dosage in the aureomycin 
treated group (I) approximated 45 mg./Kg 
of body weight in the majority of cases 
though in 3 patients the dosage was below 
30 mg./Kg. Daily dosage in the chloram 
phenicol-treated group (II) approximated 
50 mg./Kg. of body weight, but in 3 case 
the dosage was below 30 mg./Kg. Aureo 
mycin®, in the controlled group (III), was 
administered at a 50 mg./Kg./day level for 
children and 3.0 gm./day level for adults 
until the cessation of fever. One-half th 
initial dosage was then continued for 2 
additional days. Aureomycin simulated place 
bo capsules® were administered in the al 
ternate group (IV) in comparable capsuli 
dosages. 

Table ] describes the various groups wit! 
respect to age, sex, race, and the presenc: 
or absence of clinically evident pharyngitis 
palpable hepato-splenomegaly, and hepatitis 
The only marked difference in the 5 groups 
is noted in the incidence of hepato-spleno 
megaly. The relatively low incidence of hepa 
titis in all groups is chiefly consequent t 
its infrequent detection in children. 

Table 1 also indicates the duration of 
fever, signs of disease, and cephalin floccula 
tion abnormalities subsequent to the initiatio 
of therapy. Persistence of a sign of diseas 
was determined by the observation of th 
continuance of a definite abnormality. Fever 
was considered to be a rectal temperatut 
greater than 37.5°C. The number of days 
of persistence of a given sign is record 
as the total 24-hour periods 
during which the sign was detected after 
the commencement of therapy. The durati 
of abnormal cephalin flocculation is record: 
from the date therapy was commenced unt 
the date of the last abnormal test. Progr 
sion of the disease was considered to have 
occurred (Table 2), whenever increase _ 
fever, extension of signs of disease, or 4 
new manifestation of the disease appeared 24 
hours or more after the commencement of 
therapy. If progression was not noted, then 


number of 


1 


Laboratories Division of the American Cyanamid Co. 


* See footnote on the preceding page. 
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ll signs of disease either were unaltered 
r began to improve 24 hours after therapy 
vas begun. A relapse was considered to be 
n exacerbation of the majority of the initial 
gns and symptoms subsequent to a 24-hour 
eriod without signs or symptoms of the 
isease. In the untreated group (V), the 
ite therapy was commenced is taken as 
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course of physical signs after therapy 
(Fig. 2). Table 2 indicates the fre- 
quency of occurrence of progression or 
of relapse in each group. Figures 1 and 
2 reveal no significant differences be- 
tween the course of infectious mon- 
onucleosis in patients either untreated 


TABLE 1.-COMPARABILITY OF THE TREATED AND UNTREATED GROUPS 
I Il III V 
Aureomycin Chloram- Aureomycin Placebo Untreated 
phenicol 
Number of patients 21 14 11 10 22 
Sex © male 57 64 16 70 54 
Race “, white 86 100 73 60 82 
(ge —in years; average 12.6 12.5 14.6 15.5 11.6 
range 1-34 3-36 1-38 1-42 3-34 
Pharyngitis—% 86 79 100 70 83 
Hepato-splenomegaly —“% 71 64 27 40 58 
Hepatitis—number tested 13 6 1] 10 14 
positive 54 66 16 10 64 
cephalin flocculation 
Duration of disease—in days, 
average 
Prior to therapy 7.3 9.9 7.5 11.1 9.9 
Fever after therapy 4.9 6.8 3.7 +1 5.9 
Signs after therapy 7.5 10.8 5.5 6.5 6.8 
Liver dysfunction after therapy 36.4 32.3 
range 30-52 16-62 
TABLE 2.—PROGRESSION OF INFECTIOUS MONONUCLEOSIS 
SUBSEQUENT TO THERAPY 
Number of cases 
No Progression 
Group progression Progression Relapse Total (%) 
I. Aureomycin 15 6 l 21 29 
II. Chloramphenicol & 6 1 14 43 
111. Aureomycin 6 5 0 11 45 
IV. Placebo 6 4 0 10 40 
V. Untreated 14 8 0 22 36 


second day of hospitalization (the aver- 

ize day therapy was commenced in _ the 

groups) or when applicable, the day 
penicillin was commenced. 


‘esults. The accumulated data are 
analyzed in the accompanying figures 
to show the course of fever before 
in after therapy (Fig. 1) and the 


or treated with chloramphenicol or 
aureomycin. Because of the numbers 
of patients involved, these data do 
not entirely rule out the possibility 
of a slight effect on the disease process 
by these antibiotic agents. However, 
the data demonstrate that the drugs 
have no dramatic effect on the course 
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of fever or of physical abnormalities. 

Repeated pharyngeal cultures from 
34 patients with pharyngeal or tonsillar 
exudation and ulceration and 5 pa- 
tients without pharyngeal involvement 
showed in general normal respiratory 
tract flora. No evidence was obtained 
from these cultures that pathogenic 
respiratory bacteria were responsible 
for the pharyngeal inflammation 
these patients. 
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talities consequent to rupture of the 


spleen??48, encephalomyelitis!® 89-5! 
] 


obstructive tonsillitis*®, myocardi- 
nasal hemorrhage", 
51 


tis**, and laryn- 


geal edema®!, have been reported in 
the literature. At present it seems justi- 
fiable to attribute ulcerative pharyn- 
gitis and the other respiratory, reticulo- 
endothelial, and hepatic manifestations 
to the disease process itself. 


GROUP I AUREOMYCIN 
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DAY OF DISEASE PRIOR TO AND AFTER THE 
INTRODUCTION OF THERAPY 


Fig. 1.—The course of fever. 


Discussion. The need for an effec- 
tive therapeutic agent in infectious 
mononucleosis is indicated by the in- 
creasing evidence of the severity of 
the disease itself and particularly of 
its complications, such as severe ul- 
cerative tonsillo-pharyngitis requiring 
tracheotomy”, hepatitis®15.26, anemia, 
leukopenia, and thrombocytopenia!" 
myocarditis 18, 
nephritis*!, and a variety of neuro- 
logical complications®?. At least 24 fa- 


Previous therapeutic techniques hay 
been directed chiefly at involvement 
of the respiratory and _ reticulo-end 
thelial systems and thus their effect on 
the infectious mononucleosis process 
itself can presumably be evaluate: 
Bernstein’ concluded that prior to 1940 
no effective therapy had appeare 
Since 1940, apparently favorable r 
sponses have been attributed to co!- 
chicine**, scarlet fever convalescent 
serum’, bismuth**, intravenous admin- 
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istration of arsenic’, diphtheria anti- 
toxin®’, and pooled gamma-globulin*. 
Bower® states, however, that diphtheria 
antitoxin had no effect upon the course 
of infectious mononucleosis in his ex- 
Bennike* reached the 
same conclusion concerning the effec- 
tiveness of specific convalescent serum 
after an extensive experience with this 
mode of therapy. The effectiveness of 
none of these therapeutic techniques 
was adequately demonstrated by ‘the 


perience, and 
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cases reported or by substantiation 
from other observers. Such apparent 
responses can be adequately explained 
by the known variability of the disease 
and the frequency with which it ter- 
minates by crisis. 

Apparent effectiveness of the sulfo- 
namide drugs has been reported by 
observers®*", but 
others®:?0.23,27, 


some denied by 


The equivocal results 


reported with these drugs have caused 


GROUP I AUREOMYCIN 


GROUP IT CHLORAMPHENICOL 


GROUP IT AUREOMYCIN (CONTROLLED ) 


GROUP IV PLACEBO (CONTROLLED) 


GROUP YW NO SPECIFIC THERAPY 


ns 
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DAY OF DISEASE AFTER THE 
INTRODUCTION OF THERAPY 


Fig. 2.-The course of physical signs. 
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their 
peutic agents in this disease. 

The treatment of the ulcerative 
pharyngitis of infectious mononucleosis 
with penicillin was first advocated by 
Joyce French?” 


general abandonment as thera 


felt that penicillin 
was ellective against secondary pharyn- 
infection but the 
itself. In a controlled study 
of 166 cases of the anginose form of 


geal not against 


disease 
infectious however 
Bennike* found that penicillin had no 
effect upon the itself or on 
its pharyngeal manifestations. In ad- 
dition, this study provides additional 
evidence that secondary 


mononucleosis. 


disease 


invasion of 
the pharynx by the usual penicillin 
flora (fusiform bacilli and 
spirochetes, streptococci, and staphylo- 
cocci) does not produce the commonly 
observed pharyngeal manifestations of 
infectious mononucleosis. 


sensitive 


Numerous recent reports have indi- 
cated that aureomycin exerts a bene- 
ficial and 


sometimes dramatic effect 


in infectious 
38,40 ,47 The observation of a fall in 
temperature or a disappearance of 


physical signs within one to four days 


after the institution of therapy has 
been judged as indicating a_thera- 
peutic response. Gruskin?* reported 


that 5 of 7 
nucleosis showed a prompt deferves- 
cence of fever (in 1 to 2 days) follow- 
ing Carter et al.’* re- 
ported 9 cases which showed subjec- 
tive improvement within 3 days and a 
return of temperature to normal from 
1 to 7 days after the commencement 
of therapy. Lyons and Hard** evalu- 
ated the effect of aureomycin therapy 
in comparison with 
treated cases of a series of 43 pa- 
tients. They demonstrated an average 
of 25 to 30% decrease in the duration 
of disease and of hospitalization in the 
treated group, but the 
data relative to the duration of fever 
and signs of disease after therapy pro- 


cases of infectious mono 


aureomvcin. 


alternate un- 


aureomycin 
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vide no basis for a valid comparison 
with the control group. The duration 
of liver involvement (which appeared 
in over 70% of all cases) in the aureo- 
mycin treated group was less than 40% 
of its duration in the control group. 
Lyons ** data, particularly those rela 
tive to liver involvement, seem signifi 
cant and difficult to ascribe to chance. 

In opposition to these favorable re- 
sults, McGreevy*® has reported a case 


of infectious mononucleosis with severe 


liver involvement which showed no 
response to aureomycin Rose et al. 
felt that the results of therapy with 


aureomycin were equivocal, though no 
data were offered to 
view. Seifert et al 


of aureomycin 


support — this 


from a_ study 


and placebo treated 
groups of out-patients with infectious 
concluded that 


no specific effect, as 


mononucleosis. aureo- 
exerted 
the 


symptoms of disease 


mycin 
signs or 
after 
therapy was instituted. This study of 


judged by presence ot 


one week 
17 cases provides a distinct contrast 
to the Cronk!® re 


ports a controlled series of 62 cases in 


study of Lvons*! 


which no difference in the duration of 
hospitalization 
treated 


between aureomycin 


and untreated cases was ap 
parent. No specific data are presented 
regarding the course of fever and othe 
signs of disease in the 2 groups. Two 
cases of infectious mononucleosis with 
pneumonitis were considered to be 
greatly benefited by aureomycin. Bur 
nett and Milne’ reported that no dif 
ference in the duration and course o! 
fever could be demonstrated betwee 
the 2 sections of a group of 16 cas« 
treated with aureomycin or placebo 
and Schultz and Hall*® did not detec 
any benefit from aureomycin in thei 
15 treated cases 

More recently chloramphenicol hi 
been used in the therapy of this di 
ease. In the case reported by Payn 
et the patient became afebril 
within 12 hours after chloramphenic« 


d 
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was started, but signs of pharyngeal 
involvement increased. Lewis** studied 
a case of severe infectious mononu- 
cleosis of 20 days’ duration in which 
the te mperature returned to normal 
7 days after chloramphenicol was com- 
menced and a relapse of all manifesta- 
tions appeared after the drug had been 
discontinued. There is no valid evi- 
dence in these reports to indicate that 
chloramphenicol had any effect on the 
course of the disease. 

therefore, that 
neither aureomycin or chloramphenicol 


It now appears 


ilters the course of infectious mono- 
nucleosis and that these drugs should 
be relegated to the same category of 
neffectiveness into which all other 
igents have eventually been placed. 
No substantial evidence to the con- 
trary has been reported. Since Lyons”** 
report does not include data as to 
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the duration of fever and_ physical 
signs of disease before and after ther- 
apy was commenced, it does not 
permit an adequate determination of 
the effectiveness of aureomycin. The 
closely comparable total course of the 
disease process as represented in Figs. 
1 and 2 in each of the 5 groups, treated 
and untreated, of this study is clear 
evidence of the failure of aureomycin 
and chloramphenicol to alter the course 
of the disease. 

Summary and Conclusions. 1. A re- 
view of the literature reveals no evi- 
dence that any therapeutic agent has 
been effective in infectious mononu- 
cleosis. 

2. The course of the disease was not 
remarkably altered by the administra- 
tion of aureomycin or chloramphenicol 
in a comparative study of 78 cases. 
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Many therapeutic agents have been 
tried in the treatment of multiple scle- 
rosis, which for the moment appeared 
to unlock the mysteries of this distress- 
ing disease, but which in the long run 
proved of no value. Many of the prob- 
ems of drug evaluation are due to 
the bizarre and changeable neuro- 
gical manifestations of multiple scle- 

sis itself, in which remission, often 

sting a number of years, is part of 
the clinical course. 
\s no laboratory tests are recognized 
establishing the diagnosis of this 
ease, criteria of improvement are 
0 unsatisfactory, depending either 
the patient’s subjective reactions or 
his ability to perform certain mus- 
irly coordinated acts. 
The current concepts of the etiology 
multiple sclerosis as outlined by 
umacher' are: 1) venular throm- 
is of the nervous system due to 
altered coagulability of the blood, 2) 
constriction of certain parts of the 
ous system, 3) allergic hypersensi- 
y of nervous tissue, or 4) patho- 
p! vsiologic mechanisms precipitated by 
tional disturbances. The present 
‘tigation is concerned with an 


esented before the Society of Neurology 


older theory of nutritional deficiency, 
on which recent light has been shed by 
the carbohydrate metabolism studies 
of Aird', and Jones, Jones and Bunch". 

An important role in the utilization 
of glucose by the body is played by 
adenosine-5-monophosphate, the so- 
dium salt of muscle adenylic acid. The 
classical studies of Szent-Gyorgyi'®*°, 
Fletcher and Hopkins and other mus- 
cle physiologists, have demonstrated 
the important, if as yet not clear, role 
of the adenosine compounds in the 
breakdown of glycogen into lactic and 
pyruvic acids. One of us, (MLL), en- 
couraged by the effects of adenosine-5- 
monophosphate in other metabolic dis- 
orders and by the report of Jones, 
Jones and Bunch on alterations in 
normal pyruvic-lactic acid ratios found 
in the blood of multiple sclerosis pa- 
tients, believed that investigation of 
the adenosine compounds might pro- 
vide a clue as to the etiology of this 
disease. 


Procedure. A_ clinical investigation of 
adenosine-5-monophosphate,® ° hereafter ab- 
breviated as AMP, was arranged at the 
Kabat-Kaiser Institute in Santa Monica, Cal- 
ifornia. Sixteen multiple sclerosis patients, 
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\denosine-5-Monophosphate, kindly supplied as “My-B-Den” by the Ernst Bischoff 
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all diagnosed by many competent observers, 
selected. All 16 were chronic cases, in 

the disease had 
manifestations for from 5 to 20 years. Though 
the patients had experience d remis- 


were 


whicl existed in various 


many ol 


sions, all except two had severe and _ pro- 
nounced neuro-muscular disabilities at the 
beginning of the study. 

In addition to routine serologic tests, urin- 
alyses and blood counts, all patients had 
blood cholestrol and phosphorus studies and 
glucose tolerance tests before and after treat 
ment. Special blood pyruvic-lactic acid ratio 
studies were also run before and after ther 
apy 


Fourteen of the 16 patients received intra- 


gluteal injections of 20 mg. of adenosine-5 
monophosphate (AMP) in gelatin solution 3 
times a week. Later in this study, variations 


in this basic the rapy were made in 2 patients 


by adding oral potassium chloride (10 gm 
per day), and in 2 other patients augmenting 
the AMP with .75 gm. folic acid®*® daily. The 
dosage of AMP was also increased, and som« 
patients were receiving daily intramuscular 


injections of 100 mg. of 


AMP in an aqueous 
solution 


In 


patients, during the early part of this 


investigation, Corticotropin (ACTH)*®® was 
given over a 2 months period, beginning with 
25 mg. ACTH in 5% glucose as an 8-hour 
daily intravenous infusion for one week. The 
ACTH therapy was then continued by di 
vided intramuscular injections of 100 to 40 
ng daily dos« 

Another adenosine compound, iron 
salt of adenosine-3-monophosphate**®*®® was 
tested on 3 multiple-sclerosis patients :in in- 


otf 32 


a week. In a number of 


tramuscular doses mg. in aqueous 


solution > times in- 


stances, placebo injections were substituted 
for the original therapy without the patient's 
knowledg: 

Clinical Material. For the sake of clarity, 
improve ment or regression was graded upon 
each individual disability, most commonly en 
countered in multiple sclerosis: spasticity, in 
coordination, lack of endurance, bladder dys- 


funtions, visual weakness, sexual weakness 
and sensory changes. 

Duration of treatment varied from 6 to 
10 months and progress was evaluated by 


monthly conferences with the individual pa- 
and by objective charting of the 
tient’s ability to perform certain graded mus- 


tient pa- 
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cular activities, involving both strength and 

coordination 
Most of the patients were s¢ verely in 
coordinated and ataxic, requiring wheelchairs 
or crutches for locomotion. A few were able 
to carry on their daily routines with moder 
ate mconvenience In the 16 patients, the 
longest period the disease had been manifest 
was 14 vears: the shortest, 3; the average 
9 vears. Remission, of course, had not been 


histories 

old female, the mul 
duration. Urin 
of 


outstanding 


uncommon in their past 
In Case 1, a 29-year 
tiple sclerosis was of 5 years 


ary difficulties wit} weakness 


both 


symptoms 


increasing 
the 


transient 


extremities were 
An attack of 
1944 


the is¢ 


lowe I 
blindne SS 
have been 

Che spastie 


tetraplegia progressed 


occurred in ind may 


ciated with para 


plegia and cere bell il 


slowly and gradually. with no acute exacer 
bations and no remissions 

Multiple sclerosis had been diagnosed al 
the cause of the paresthesias the bladder 


and bowel incontinence and mild optic atro 
phy in Case 2, a 35-year old female. A gen 
eral downhill course marked the 5-year 


period of the disease with exace rbations and 
remissions of the cerebellar tetraplegia. 


Tightness and numbness of both legs and 


bladder urgency were the outstanding dis 
ease symptoms in CASE 3, a male, aged 45 
[he disease was of 14 years’ duration. h 
spite of a gastrectomy for a bleeding duod 
nal ulcer in 1950, his condition was good 
ind he has been able to carry on his dail) 
routine, with only minor inconvenience dui 
to his spastic par pl gla. 

Case 4 was that of a male, aged 42, wh 
frequent xacerbations and _ remissio1 
during the 14 years of the disease. Spast 
paraplegia was pronounced and _ there h 
been no ambulation in 6 years. Diplopli 
bladder urgency and frequency, slurring 
speech, severe fatigue and difficulty in ba 
ance were outstanding in the symptom 


tology 


Multiple sclerosis had apparently begun 


Case 5, a 38-year old female, following 
pregnancy, 14 years ago. Severe fatign 
blurred vision, bladder and bowel distu 
ances were disturbing symptoms, but t 


main disabilities were paralysis of the low 


*® Folic acid supplied as Folvite by the Lederle Laboratories 


*°° ACTH furnished by the Armour Laboratories. 


¢®¢® Tron adenosine-3-monophosphate was supplied as Iron 


Corporation, 


extremities and marked intention tremor 

the arms. In spite of the spastic cerebella 

paraplegia, the patient was able to walk wit! 
Adenylate by the Schering 


itign 
istur 
it 


her 


IN 


rutches. Several remissions and exacerba- 


tions occurred, although the overall course of 
the disease has been fairly level the past 6 
irs 

No exacerbations or remissions and no pro- 

the disease were significant in 

CaAsE ’1-vear old female. The disease, 

liagnosed for 3 years, caused only an occa- 

nal st ring and dragging of the right 

ind ild intention tremor. For the 

t part, the patient is able to carry on her 
laily routine job 

CASE 7 that of a male, who has been in 

wheelchair during the past year. The mul- 

le scle of 11 years’ duration, caused 

eakness and stumbling, bowel incontinence 

nd extreme fatigue with acute lumbar pain. 

Severe « erbations, with only partial re- 

ns, h narked the course of the spas- 

| 

| icerbation and ré missions have been 

w durit the 7-vear course of the disease 

Case 8. Stumbling, ataxic gait, extreme 

sensory changes and slurring speech 

I th hief disabilities in this 42-vear 

| female. Not much change in the spastic 


curred during the past year 
lisabilities in this 38-year old 
Case 9, were enuresis, bowel incon- 


nee, fatigue, ataxia, bilateral optic atro- 
ind slurring of speech. The disease, in 
enth vear, is pursuing a gradual down- 
ll course with mild exacerbations and in- 
te re SSIONS 
Progress of the disease in Case 10, a male, 
1 45. has been slow and gradual, without 
iSsiol exacerbations. The extreme 
t mild spastic gait and hyperesthesias 
both legs and hands began 9 years ago. 
Stumbling, dizziness, nausea, diploplia, 
vary frequency and paresthesias were 


iinent disabilities in Case 11, a 27-year 

ale. The spastic paraplegia of 4 years’ 

ition has been at a fairly even level, with 
isional mild exacerbation. 


In Case 12. a 25-vear old female, stagger- 
loss ot balance, bladde r urgency and 
yuUeNcy nd intention tremor began 3 


In addition to the spastic para- 

there had been a one-week episode 
ransient total blindness. The multiple 
sis symptoms are gradually becoming 


pronounced but with no acute exacer- 
ns or remissions. 

\ one-year paralysis from the waist down, 
wed by a spastic gait, involving the left 
ind impaired position sense of the left 
were early disabilities in Case 13, a 40- 
old female. Other prominent symptoms 

nystagmus and incoordination. The 
of the multiple sclerosis of 9 years’ 
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duration has been fairly constant the past 
year, 

In Case 14, the disease started ten years 
before with gradual increasing incoordination 
and blurred vision. Spastic tetraplegia and 
marked cerebellar ataxia of the lower ex- 
tremities caused the patient to be in a wheel- 
chair the past year and a half. No improve- 
ment or remissions have been noted. 

Severe fatigue, spasticity and dragging of 
the left leg were the outstanding disabilities 
in Case 15, a 36-year old male. The mul- 
tiple sclerosis of 9 years’ duration caused no 
bladder nor visual disturbances. The patient 
had been completely ambulatory; there had, 
during the past few years, been little progres- 
sion of the disease and no remission or exa- 
cerbation. 

Case 16, a 29-year old male, had multiple 
sclerosis for nine vears. Weakness, numb- 
ness of the legs, bladder difficulties, visual 
impairment and paresthesias were prominent 
disabilities, together with moderate cere- 
bellar ataxia. There had been a rapid down- 
hill course of the disease and the patient was 
unable to walk 2 years after the onset. Dur- 
ing the last vears the disease leveled off 
and there have been no exacerbations or re- 


missions. 


Results. In Table 1, (0) represents 
no appreciable change in a particular 
svmptom while improvement is graded 
) to (3—) 
signifies the disability as worse. Rest 
intervals, labelled “No Medication”, 
were punctuated throughout the series 
in attempting to arrive at the proper 
therapy course and to note withdrawal 


from (+) to °3-+-) and ( 


changes. Tables 3 to 9 show improve- 
ment percentages of the particular 
symptoms under the various treat- 
ments. The ACTH, the iron adenosine- 
3-monophosphate and the potassium 
chloride therapies were abandoned 
early in this investigation in favor of 
adenosine-5-monophosphate in varying 
injection dosage. 

Analyzing the results of Table 1, it 
will be noted that certain multiple 
sclerosis disabilities, such as spasticity, 
coordination, vision and sensory 
changes and lack of libido, are little 
affected, regardless of the treatment 
used. The most noticeable improve- 
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ment is found in bladder disturbances, 
energy and to some degree in ability 
to perform certain muscular functional 
tests. 

Tables 2 to 10 
demonstrates the variation in response 


Examination of 


to the different therapeutic substances. 
Increased endurance and lessening of 
the distressing bladder urgency were 
found in over half of the cases treated 
with adenosine compounds. 

It was early established that adeno- 
sine-5-monophosphate was the most ef- 
fective compound, for 72% of the pa- 
tients treated with AMP. 
jections in gelatin 3 times a week, noted 
a definite improvement of their ex- 


20-mg. in- 


treme, debilitating muscular weak- 
ness, while 61% had their urinary fre- 
quency reduced from 15 to 20 times 


in 24 hours to 4 to 8 micturitions dailv. 
In Table 3 it is interesting that in 18 
courses of the 20-mg. AMP injections 
each course from 1 to 6 months’ dura 
tion) even though 39% of the 


had unchanged urinarv frequency, in 


Cases, 


no instance was the bladder urgency 
made worse. 
Upon the 


monophosphate dosage from 20 mg. 


increasing adenosine-5- 
to 100 mg. and substituting an aqueous 
solution for gelatin, an even greater 
improvement in endurance and _ blad- 
der control resulted. As shown in 
Table 4, 86% noted increased strength 
and 72% improvement of their various 
bladder disturbances. There seemed 
to be no question but that the 100-mg. 
AMP in aqueous solution was more ef- 
fective than the smaller doses. In a 
number of 100 mg. AMP 
was given daily for a number of weeks 
with no untoward reactions 


instances 


whatso- 
ever. 

The adenosine-5-monophosphate, 20 
mg. in gelatin solution, was gently 
warmed before intragluteal injection. 
There was no acute local tenderness, 
and no allergic or chronic toxic mani- 
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festations were encountered with ade- 
nosine-5-monophosphate in 20 or 


100 mg. either in gelatin or water, 
given 3 times a week for a period of 


6 months. It felt. however, that 


clinical evaluation could best be served 


Was 


by spacing monthly AMP courses, with 
intervals of no treatment, placebo in- 
changed medication. 
the 


jections or 


While number of courses fol 


lowed in Tables 4 to 9 is insufficient 
to warrant anv conclusions, it can be 
observed that the only improvement 


noted with 4 courses, each lasting from 
3 to 6 
monophosphate (32 


months. of iron adenosine-3- 


mg. injections 3 
times a week) was increased endurance 
and better bladder control. The 2 small 


series in Table 8 (the addition of oral 


potassium chloride, 10 gm daily) and 
in Table 9 (oral folic acid, .75 gm 
daily) added to the AMP, 20 mg. 3 


times a week, injections, also demon 
strated an improved strength and blad 
der control. Oral potassium chloride 
alone, 10 
Table 4) in a small series of 4 courses 


gm. daily, (as shown in 


of 3 to 8 weeks each, caused 25% im 
provement in bladder control and 50% 
better endurance. A number of patients 
noted some lessening of spasticity and 
paresthesia, but again, the number of 
cases is too small to be significant. 

Four courses of placebo injections 
3 times a week and continued for from 
1 to 2 months caused no improvement 
whatsoever except in one patient, who 
felt that her vision might be improved 
and in 2 patients who noted an increas¢ 
in strength. 

Two patients treated with 
ACTH for 3 months, starting for the 
first 2 weeks with daily intravenous 
drip of 1000 cc. of 5% glucose contain 
ing 25 mg. of ACTH. Treatment wit! 
adrenocorticotropic hormone was con 
tinued for 3 months with 4 intramus 
cular injections daily (beginning witl 
100 mg. and ending with 40 mg. ir 
24 hours). During the first week of 


were 


7 
3 


TABLE 1.. TREATMENT RESULTS IN 16 PATIENTS WITH MULTIPLE SCLEROSIS 
TREATED BY ADENOSINE-5-MONOPHOSPHATE (A5MP 


Medication = = = 
Duration 5 = = = = 
Typ (weeks) 2 & & & 
I ASMP: 20 mg. 3 wk 25 ' 0 | i 0 0 
Placebo injections 8 0 0 0 0 0 0 0 
2 ASMP: 20 mg. 38 & wk 21 0 0 0 0 0 
No Medication 6 0 ~ 0 0 0 - 2— 
Oral KCI: 10 gm. d 8 0 0 } 0 0 — — 
ASMP: 100 mg. 3 & wk (aqueous) 9 - 0 2 } 0 0 
Ke ASMP: 382 mg. 3 & wk 24 0 0 f f 0 0 0 0 
No Medication 8 0 0 i 0 0 0 0 0 
ASMP: 20 mg. 3 & wk 9 0 0 , i 0 0 0 0 
$ A5MP: 20 mg. 3 & wk 24 0 0 0 2+ 0 0 0 
Oral KCI: 10 gm. d 3 0 0 0 0 0 0 0 0 
No Medication 3 0 0 _ 0 0 0 0 
A5MP: 20 mg. 3 & wk 8 _ 2 2 0) 0 0 0 
ASMP: 20 mg. 3 X& wk 17 0 0 0 0 0 
A5MP plus Oral Folic Acid 8 0 0 n | 0 0 0 + 
No Medication 6 0 0 — Q2— 0 0 0 
ti FeASMP: 32 mg. 3 x wk 28 0 0 i 0 0 0 0 0 
No Medication 12 0 0 0 0 0 0 0 0 
ACTH: 100 to 40 mg. d 12 0 i 24 | 0 0 0 0 
No Medication + 0 0 0 0 
ASMP: 20 mg. 3 & wk 8 0 } 0 0 
A5MP plus Oral Folie Acid t 0 0 0 0 2 0 
A5MIP 100 mg aqueous 5 > wk 2 + + 24 } 2 4 +f] 
No Medication 6 0 
KCI: 10 gm. d. oral 0 0 0 0 
ASMP: 20 mg. 3 x wk 6 ' 0 i 0 0 0 0 0 
A5MP plus KCI oral 5 0 0 } 0 0 0 t 
No Medication 6 — 0 . 0 0 0 - 0 
ASMP: 100 mg. 3 & wk 9 0 0 oo. £4 6 0 
FeASMP: 32 mg. 3 X wk 12 - 0 0 } 0 0 0 0 
No Medication 3 0 0 0 0 0 0 0 0 
FeASMP: 32 mg. 3 x wk 11 ~ 0 0 0 0 0 0 
No Medication - 0 0 0 0 0 
A5MP: 20 mg. 3 & wk + 0 0 0 0 0 0 | 
A5MP: 100 mg. (aqueous). 100 mg 5 8 } 0 0 
ASMP: 20 mg. 3 X wk 17 } 0 0 0 0 
KCl: 10 gm. d. oral + 0 0 0 0 0 0 0 
A5MP: 20 mg. 8 wk 12 0 0 0 2 0 0 2 0 
A5MP: 20 mg. 3 wk 21 0 0 0 
No Medication 6 0 0 _ 0 _ 0 0 _~ 
A5MP: 50 mg. (aqueous) 5 wk 5 0 0 
A5MP: 20 mg. 3 X wk 8 0 0 + 0 0 0 0 + 
Placebo injections - 8 _ 0 + 0 0 0 0 0 
A5MP: 20 mg. 3 X wk s 0 0 + 0 0 0 0 0 
A5MP: 20 mg. 3 X wk 16 + _ 0 0 0 + 
No Medication $ 0 ~ 0 0 0 0 0 
A5MP: 30 mg. 8 X wk 12 + _ + + 0 0 0 0 
A5MP: 100 mg. (aqueous) $8 X wk 10 0 + 2+ + 0 0 0 0 
No Medication 4 0 - 2— O 0 0 0 0 
A5MP: 20 mg. 3 X& wk 24 - 0 - 0 0 0 0 0 
No Medication 8 0 0 ~ 0 0 0 0 0 
A5MP: 50 mg. (aqueous) 5 X wk 9 0 0 + 0 0 + 0 0 
Placebo injections 6 0 0 + 0 0 0 0 0 
ACTH: 100 to 40 mg. d. 12 + 0 ~ - 0 0 0 
Placebo injections 4 0 0 0 0 + 0 0 0 
A5MP: 20 mg. 8 X wk 8 - 0 + + + 2+ 0 + 
A5MP plus oral KCI (5 gm. d.) 12 - 0 » +» & <& 0 4. 
No Medication 4 0 _ 2— 0 0 0 0 0 


(For explanation of symbols, see text.) 
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TABLE 2.—TREATMENT RESULTS WITH ADENOSINE-5-MONOPHOSPHATE INJECTIONS 


Dosage: 20 mg., 3 X wk., in gelatin, 18 courses, each 1 to 6 months’ duration 


*] 4 5 6 8 

IMPROVED 28 6 72 61 11 6 17 39 

No Change 50 «66 17 39 89 94 72 $4 
©” Worse : 22 8 1] 0 0 0 0 17 


rABLE 3.—TREATMENT RESULTS WITH ADENOSINE-5-MONOPHOSPHATE INJECTIONS 


Dosage 100 mg. aqueous, 8to5 XX wk , 7 courses, each 2 to 8 weeks 


©), IMPROVED 28 43 86 72 14 14 58 58 
No Change +4 13 0 14 86 86 
Worse 28 14 14 14 0 0 14 14 


rABLE 4.—TREATMENT RESULTS WITH ORAL POTASSIUM CHLORIDE 


Dosage: 10 gm daily, 4 courses, each 3 to 8 wks 


©) IMPROVED 25 0 50 25 0 0 25 25 
©) No Change 50 75 50 50 100 100 50 50 
7, Worse 25 25 0 25 0 0 25 25 


TABLE 5.—TREATMENT RESULTS WITH IRON ADENOSINE-3-MONO- 
PHOSPHATE INJECTIONS 


Dosage: 32 mg. 3 X wk., 4 courses, each 3 to 6 mos 


©) IMPROVED 0 0 50 75 0 0 0 0 
No Change 50 100 50 100 100 100 100 
©) Worse 50 0 0 0 0 0 0 0 


TABLE 6.—TREATMENT RESULTS WITH ACTH 


Dosage: 100 to 40 mg. daily, IV and IM, 2 courses, each 3 mos 


IMPROVED 50 100 50 100 = 50 0 0 0 
“ No Change 50 0 50 0 50 100 100 = 100 
©), Worse 0 0 0 0 0 0 0 0 


fTABLE 7.—TREATMENT RESULTS WITH PLACEBO INJECTIONS 


4 courses, each 1 to 2 mos.) 


7, IMPROVED 0 0 50 0 2 0 0 0 
©) No Change 75 100 25 100 75 100 100° 100 
O% Worse 95 0 25 0 0 0 0 0 


PABLE 8.—TREATMENT RESULTS WITH ADENOSINE-5-MONOPHOSPHATE INJECTIONS 


Dosage: 20 mg., 3 & wk., plus oral KCl, 5 gm. d., 2 courses, each 1 to 3 mos 


IMPROVED 0 0 100 50 50 50 100 
“> No Change 50 100 0 50 50 50 50 0 
©), Worse 50 0 0 0 0 0 0 ( 


TABLE 9.—TREATMENT RESULTS WITH ADENOSINE-5-MONOPHOSPHATE INJECTIONS 


Dosage: 20 mg., 3 X wk., plus Oral Folic Acid, .75 gm. daily, 2 courses, each 1 to 2 mos.) 


IMprovep 0 0 50 50 0 0 0 
% No Change 100 50 0 50 100 100 50 5 
% Worse 0 50 «50 0 0 0 50 


* 1 = Spasticity; 2 = Coordination; 3 — Endurance; 4 = Bladder Control; 5 = Vision; 


6 = Sexual Ability; 7 = Sensory Changes; 8 = Functional Tests. 
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treatment both patients experienced a 
narked euphoria with a dramatic in- 
crease in coordination, energy, mental 
ilertness and bladder control and a 
simultaneous decrease in spasticity. 
Unfortunately, these startling symp- 
tomatic improvements lasted only 
ibout a week and the patients became 
steadily worse until it was necessary 
to discontinue all ACTH medication. 

The most spectacular improvement 
was obtained in Case 7, a 40-year old 
male, in a wheelchair, who after hav- 
ing 3 months ACTH therapy and 
nother 3 months’ treatment with 
idenosine-5-monophosphate, 20 mg. in 
gelatin 3 times a week, was placed on 


In general, however, improvement 
in bladder incontinence and endurance 
continued on an even course as long 
as the AMP injections were given. 
Most of the patients desired to con- 
tinue the AMP treatments, particularly 
the 100-mg. aqueous, in which injec- 
tions 3 times a week seemed the most 
effective extended 
period. 


dosage over an 


Spasticity, coordination, sexual weak- 
ness, vision and sensory changes were 
unchanged by the AMP compounds; 
in some instances the spasticity was 
worse. ACTH may temporarily benefit 
spasticity, as may oral KCl, but the 


rABLE 10.- COMPARATIVE RESPONSE—IMPROVEMENT PERCENTAGES 

AMP 

AMP plus 

AMP AMP Oral Tron *lac- plus Folic 

“0 mg Gel 100 mg. Aq. KCL AMP ACTH ebo KCL Acid 
Spasticity 28 28 25 0 50 0 0 0 
Coordination 6 +3 0 0 100 0 0 0 
Endurance 72 86 50 50 50 50 100 50 
Bladder Symptoms 61 72 25 75 100 0 50 50 
Vision ll 14 0 0 50 25 5O 0 
Sexual Ability 6 14 0 0 0 0 50 0 
Sensory Changes 17 14 25 0 0 0 50 0 
Functional Tests 39 58 25 0 0 0 50 50 


iily injections of 100 mg. of adeno- 
ne-5-monophosphate in aqueous solu- 
tion. Whereas in the past 2 years he 
had only been able to read newspaper 
adlines, after the seventh AMP 
100-mg. injection he was able to read 
the entire newspaper. Numbness in his 
lower extremities disappeared, there 
was a marked increase in strength and 
was able to control the use of his 
nds and even shave, which he had 
been able to accomplish the last 
years. Then suddenly, apparently 
the peak of his improvement, after 
eighth AMP 100-mg. injection, 
his old and disabling symptoms re- 
ed and a few week later he asked 


his AMP treatments be discon- 
tinued, 


cases are too few in this series to do 
more than comment. 

The addition of postassium or folic 
acid did not add to the effectiveness 
of the AMP compounds. As shown in 
Table 10, the results with oral potas- 
sium were not encouraging. ACTH, 
while causing a temporary improve- 
ment, gave unfavorable results over 
a period of time. Results with the 3 
adenosine compounds: iron adenosine- 
3-monophosphate, adenosine-5-mono- 
phosphate (20 mg. in gelatin), and 
adenosine-5-monophosphate, (100 mg. 
aqueous) cause definite improvement 
in endurance and bladder disturbances. 
Adenosine-5-monophosphate (100 mg. 
aqueous) appears the most effective, 
given intramuscularly 3 times a week; 
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(20 
effective; 


adenosine-3-monophosphate mg. 


in gelatin) somewhat less 


and 


iron adenosine-3-monophosphate 
(which has not been adequately 
studied in this series) the least suc- 
cesstul. 
BLoop CHEMICAL CHANGES. The 


average glucose tolerance curve found 
in the 16 multiple sclerosis patients in 
this study was somewhat flat. As shown 
in Table 11, there was little change 
in glucose figures after 6 
months of adenosine injections. 


tolerance 


MOORE, ¢ 
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treatment with adenosine compounds 
the P/L 
of 0.153, more nearly approaching the 
non-multiple sclerosis P/L values. In 
the 16 patients in this study there was 


ratio had fallen to an average 


little change in the inorganic phos- 
phorus values, while blood cholesterol 
after 6 months of adenosine injections 
averaged 176.18 mg. as against 213.80 
mg. before treatment. (Laboratory de- 
terminations were under the supervi- 
sion of M.S. Nadridge. ) 

Discussion. In a statistical analysis, 


rABLE 11.—GLUCOSE TOLERANCE DATA (AVERAGE FOR 16 PATIENTS 
Fasting hy l hr hy Shr hr 
Before treatment 89.8 121.6 109.7 96.5 84.0 91.2 
mg. 100 ce« 
6 Months after adenosine 81.4 126.7 111.9 SY 2 83.38 85.4 
treatment, mg./100 ce 
rABLE 12.—BLOOD BIOCHEMICAL STUDIES: PYRUVIC ACID/LACTIC ACID RATIOs, 


INORGANIC PHOSPHORUS AND CHOLESTEROL VALUES, BEFORE AND 6 MONTHS 


AFTER ADENOSINE 
PATIENTS 


TREATMENT 


AVERAGES OF 16 


MULTIPLE SCLEROSIS 


6 Months fler 


Before Therapy {denosine Injections 
Inorganic Phosphorus 3.362 mg 3.473 mg 
Cholesterol 213.80 mg 176.18 mg 
Pyruvie Acid/Lacti« 0.189 0.153 
Acid ratio 
Py ruvic Acid/Lactic Acid Ratio 
12 normal subjects): 0 096 


Cholesterol and phosphorus deter- 
minations were made according to the 
method of Klett; pyruvic acid, using 
the Friedmann and Haugen!" tech- 
nique; and lactic acid values by the 
Barker and Summerson® determination. 
Table 12 corroborates the findings of 
Jones, Jones and Bunch?” of an altered 
pyruvic acid-lactic acid relationship in 
multiple sclerosis. The pyruvic acid- 
lactic acid ratio in 12 normals averaged 
0.096, while in 16 multiple-sclerosis 
patients pyruvic acid was found in a 
higher proportion in the blood than 
lactic acid, the multiple sclerosis P/L 
average being 0.189. It will also be ob- 
served in Table 12 that 6 months after 


Putnam?*:'® has reported that 47.5% of 
multiple sclerosis patients feel they 
have profited by one or another type of 
therapy. The difficulties in treatment 
evaluation of a with such 
kaleidoscopic and evanescent symptom 
atology, characterized by remissions 
and exacerbations in which subjective 
reactions of the patients, rather that 
biochemical changes are the diagnostic 
criteria, have been pointed out by 
Brickner®, Baker? and others. 

The salient result of this study i 
not the inability of the adenosine com 
pounds to benefit coordination, spas 
ticity, visual disturbance and sexua 
weakness. The important fact is tha 
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in these multiple sclerosis patients, a 
large percentage had definite and con- 
tinued improvement in their endurance 
and in their distressing bladder dis- 
abilities so long as adenosine-5-mono- 
phosphate injections were being given. 
It has long been recognized that cer- 
tain of the adenosine compounds were 
a potent source of energy in the meta- 
bolism of muscle. But a point of partic- 
ular interest is why 72% of multiple 
sclerosis patients, treated with adeno- 
sine-5-monophosphate, 100 mg. aque- 
ous injections 3 times a week, should 
show such pronounced lessening of 
urinary urgency, frequency and 
amount. Patient 9, in whom Dicumarol, 
histamine injections, Vitamin B-12 and 
Tolserol had brought no diminution 
of bladder distress, had his urinary 
frequency reduced from 15 to 20 times 
in the 24 hours to 2 to 3 micturitions 
during the day and once a night, by 
the AMP, 100-mg., injections. This 
outstanding improvement, in which 
most of the multiple sclerosis under 
treatment with AMP, 100 mg., noted 
similar benefits, disappeared shortly 
ifter AMP injections were stopped. 
Schumacher, in his resume of multi- 
ple sclerosis treatment, states: “bladder 
control ‘once lost as the result of 
esions of the central nervous system 
annot be expected to be regained 
n the true sense of voluntary control 
{ function (either inhibitory or ex- 
ulsive ) by drug action.” Most authori- 
ties seem to agree that bladder ir- 
egularities are neurogenic in origin. 
f definite improvement in bladder 
inction was obtained, as in this study, 
adenosine-5-monophosphate, iron 
lenosine-3-monophosphate and 
CTH, the implication would be 
ther: 1) that the nerve lesion causing 
» dysfunction of the bladder muscle 
d in some way been corrected by 
medication, or 2) that the thera- 
itic agent had acted directly on the 
iscle involved (in this instance the 


bladder). Which brings up the ques- 
tion whether multiple sclerosis should 
be considered primarily a disease of 
the nervous system with secondary 
muscular disabilities. 

The biochemical studies of Jones, 
Jones and Bunch'*, demonstrating a 
disproportionate increase of pyruvic 
acid over lactic acid in the blood of 
multiple sclerosis patients, has been 
corroborated by the present investiga- 
tion. The elevated serum cholesterol, 
the lowered serum phosphorus and an 
abnormal response to oral glucose, as 
reported by Jones, Jones and Bunch, 
were not noted in our series. The fact 
that in the present study, the high 
pyruvic acid-lactic acid blood levels 
(0.189) were reduced to (0.153) or 
nearer to the normal, (below 0.100), 
by AMP injections in itself, is not 
highly significant. But added to the 
other clinical and biochemical ob- 
servations, it gives impetus to the sug- 
gestion of Jones, Jones and Bunch that 
multiple sclerosis may be a general 
metabolic disorder rather than an ana- 
tomic change solely in the central ner- 
vous system. 

Cori’, among other pioneers in en- 
docrine physiology, has pointed out the 
inter-relationship between the various 
adenosine compounds, the anterior 
pituitary, the adrenal cortex and the 
enzyme systems. All these help govern 
carbohydrate metabolism, and have an 
intimate, and at present not clear, 
connection with pyruvic and_ lactic 
acid blood levels. 

It is difficult to interpret the vol- 
uminous carbohydrate studies of Szent- 
Gyorgyi!®°, Cori’, Myerhoff and Loh- 
mann!*, Embden and Zimmermann‘, 
Engelhardt® and a host of other inves- 
tigators of muscle physiology, into a 
concise formula. In brief, 1) glucose 
is converted into glycogen through the 
action of an enzyme, hexokinase; 2) 
enzymatic reactions of extreme com- 
plexity, transform glycogen into lactic 
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and pyruvic acids. The conversion of 
lactic to pyruvic acid is a reversible 
reaction, intimately integrated with 
the formation of the adenosine com- 
pounds: adenosine monophosphate, 
adenosine diphosphate and adenosine 
triphosphate. Boyer, Lardy and Phil- 
lips’ have also shown the importance 


of potassium in the phosphorylation of 


the adenylic compounds in conjunction 


with pyruvate oxidation. 


This biological oxidation of carbo- 
hydrate, usually referred to as_ the 
Krebs cycle!, is also intimately as- 


sociated with the formation of succinic 
acid, which apparently serves as a 
catalyst for the stimulation of cellular 
respiration. In an interesting study, 
Aird! found subjective improvement in 
80% and objective improvement in 66% 
of multiple sclerosis patients treated 
with succinate. He _ believes 
lack of tissue oxygenation might play 
a part in the initial pathophysiology of 
multiple 
vasospasm to 
lateral 
have 

supply. 


sodium 


sclerosis, 
the 
and dorsal 
relatively 


possibly through 

spinal cord, the 
columns of which 
the poorest blood 

The present study of adenosine-5- 
monophosphate, iron  adenosine-3- 
monophosphate, ACTH and potassium 
chloride, all of which are probably in- 
volved in the Krebs Cycle of biological 
oxidation of carbohydrate, would seem 
to bear out the findings of Jones, Jones 
and Bunch and Aird that the patho- 
genesis of multiple sclerosis may orig- 
inate from an abnormality in the met- 
abolism of glucose, possibly at the 
pyruvic acid-lactic acid level. 

Of the 4 compounds investigated, 
adenosine-5-monophosphate was by far 
the most promising. The moderate ef- 
tectiveness in improving endurance and 
urinary incontinence noted with injec- 
tions of 20 mg. of adenosine-5-mono- 
phosphate, 3 times a week, with no ap- 
parent toxicity, was greatly enhanced 
by increasing the dosage to 100 mg. of 
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AMP. 

Dr. Arthur Shapiro’. 
ride, 10 gm. daily by mouth, 
vocated by Barrett*, in the few cases 
studied, did cause some improvement 
in energy, paresthesias and_ bladder 
difficulties but appeared much less 
effective than AMP. In the few in- 
stances in which adenosine-3- 
monophosphate was used, improve- 
ment was confined to endurance and 
bladder disturbances but to a much 
lesser degree than with adenosine-5- 
monophosphate. ACTH, in the insuffi- 
cient number of 
ameliorated some of the symptoms of 
multiple sclerosis for a short period at 
least, after which the disabilities be- 


the aqueous as suggested by 
Potassium chlo- 


as ad- 


iron 


cases observed, also 


came worse. 

A series of 16 cases, even though 
carefully studied for 6 to 10 months, 
of course, is not an adequate basis for 
any definite therapeutic claims. But 
any compound, such as adenosine-5- 
monophosphate, which in this study 
improved such intractable disabilities 
as fatigue and bladder incontinence, 
86% and 72% 
to warrant further investigation in the 
treatment of multiple sclerosis and pos- 
sibly other neuromuscular disorders. 

Summary. 1. 
rosis patients, with severe disabilities, 


respectively, would seem 


Sixteen multiple-scle- 


in whom the disease had been present 
for many years, were treated with in- 
jections of adenosine-5-monophosphate, 
in varying dosage, for from 6 to 10 
months. Iron adenosine-3-monophos- 
phate, oral potassium chloride and 
ACTH were also investigated for a 
short period. 

2. In the multiple-sclerosis patients, 
pyruvic acid was found disproportion- 
ately increased over the normal pyruvic 
acid-lactic acid blood ratios. Injections 
of adenosine-5-monophosphate over an 
extended interval appear to bring this 
ratio nearer normal. 

3. Adenosine-5-monophos phate 
caused an 86% improvement in endur- 


it 
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ance and a 72% amelioration of bladder 
disabilities. Incoordination, visual dis- 
turbances, spasticity, sexual weakness 
and paresthesias were not helped by 
adenosine-5-monophosphate, iron ade- 
nosine-3-monophosphate, oral potas- 
sium chloride or ACTH. Adenosine-5- 
monophosphate, 100 mg. in aqueous 
solution 3 times a week, rather than 20 
mg. in gelatin, produced the best re- 
sults. No local nor systemic toxicity was 
encountered. 


4. Concurring with the investigations 
of Jones, Jones and Bunch and Aird, 
the suggestion is made that multiple 
sclerosis may be a disease involving 
the metabolism of carbohydrate with 
a block somewhere at the pyruvic acid- 
lactic acid level. Adenosine-5-mono- 
phosphate, while the search is con- 
tinued for a more fully effective thera- 
peutic agent, warrants further investi- 
gation in the treatment of multiple 
sclerosis and possibly other neuromus- 
cular disturbances. 
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SyLvEst! was the first to demonstrate 
that the milk coagulating ability (uro- 
rennin activity ) of urine could be accu- 
rately measured. He was also the first 
to demonstrate that urorennin excre- 
tion was definitely decreased in pa- 
tients with pernicious anemia. In 
studying 30 patients with pernicious 
anemia he found that all 30 excreted 
less than 0.3 rennin unit per 10 cc. of 
fasting urine (1 rennin unit is equal to 
the milk coagulating power of 0.1 mg. 
of pepsin). In 16 {normal” patients he 
found only 3 patients who excreted 
than 0.3 unit per 10 
of fasting urine. He concluded that a 
urorennin excretion of over 0.3 rennin 
unit per 10 ce. 


less rennin ce. 


of fasting urine was 
good evidence against the diagnosis of 
pernicious anemia. 

It is beyond the scope of this paper 
to attempt to clarify whether or not 
Sylvest’s method measures urorennin 
In this paper the term 
urorennin is used throughout. As 
stated, this refers to the milk 
coagulating effect of pepsin: the so- 
called “rennin activity”. The term uro- 
rennin is used as the method obviously 
involves milk coagulation, a physiolog- 
ical property applied to rennin in the 
gastric juice of children to distinguish 
this enzymatic activity from the proteo- 
lytic activity of pepsin. 

If the urorennin activity reflects the 
pepsin and rennin activity of the gas- 
tric secretions it would be reasonable 


or uropepsin 


term 
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to assume that in those diseases asso- 
ciated with atrophy of the gastric 
mucosa urorennin activity would 
low. Pernicious anemia with all of its 
gastric manifestations provides a ra- 
tional basis for testing urorennin ac- 
tivity in the above described patho- 
logical changes. 


be 


Material and Methods. Fifty patients with 
pernicious anemia were studied to determine 
the fasting excretion of urorennin. All pa- 
tients had proved pernicious anemia by clin- 
ical, hematological, and gastric studies. All 
were maintained in remission by either puri- 
fied liver or vitamin B,». 

At the same time 50 normal patients, aged 


10 to 90 years, were studied to determine 
fasting excretion of urorennin. This age 
group was selected as a control group as 


this is the age span when pernicious anemia 
None of the control 
evidence of gastrointestinal, 


is most likely to occur 
had 
urinary, or hematological disease. 

Sylvest’s! method of determining urorennin 
was used exclusively. This method is as fol- 


group any 


low 

A fasting morning urine specimen was ob- 
tained, that is, the first urine specimen passed 
in the morning, upon arising. Ten cubic cen- 
timeters of this urine was activated to con- 
vert the renninogen to rennin by 
adjusting the pH to 3 with concentrated hy- 
drochloric acid using methyl orange as an 
indicator and incubating the mixture for one 
hour at 37° C. in a water bath. After the ac- 
tivated urine has returned to room tempera- 
ture, 10 cc. of a buffer solution pH 4.9 (42 
gm. of sodium hydroxide plus 115 cc. of 80% 
acetic acid plus distilled water to make one 
liter) was added together with 1 cc. of a 
prepared pepsin solution (1 cc. of pepsin solu- 
tion contains 0.1 mg. of pepsin by weight). 


present 


tive 


URORENNIN EXCRETION 


\ 10 ce. specimen of the same urine was 
illowed to remain unactivated and to it was 
idded 10 ce of buffer solution pH 4.9 and 
he same number of drops of concentrated 
hydrochloric acid as needed in the activated 

drop methyl orange was added 
nd 1 ce. of pepsin solution. 

Fresh skim milk was then mixed with equal 
juantities of the buffer pH 4.9 and 5 cx 


specimen One 


was added to the activated tube (a) and 5 
of the milk buffered mixture was also 
lded to t unactivated tube (b). The ex- 
ct time of these additions to tubes a and 
was noted with a stop watch. The tubes 
were inverted every few seconds in front of 
trong light and as the fluid ran down the 
ides of the tubes, the exact time of the co- 
culation of the milk into fine curds was 


ippropriate watch stopped. 
he amount of urorennin per 10 cc. of un- 
was then calculated by the fol- 


i-5 b-5 
1.00 — 0.03 
l 
b-5 
X umber of rennin units in 10 ce. 
of uring 
a= time of precipitation in the ac- 
tivated tube 
b = time of precipitation in the in- 
ictivated tube 
1.00 = refers to added rennin (pepsin) 
which must, of course, be sub- 
tracted 


latent pe riod of 5 seconds neces- 
iry for casein particles to be- 
ome visible to the human eye 
calculated by Sylvest on the 
basis of a statistical analysis of 
this method to give the best 
results in measured 
umounts of rennin for its milk 
oagulating ability 
will be seen from the above method that 
rennin unit is equivalent to the milk co- 
lating power of 0.1 mg. of pepsin. 


testing 


Results. It will be noted (Table 1) 
t no patient with pernicious anemia 
reted more than 0.5 R.U. per 10 cc. 
urine. In fact, 46 of the 50 patients 
th pernicious anemia (92%) excreted 

than 0.30 R.U. per 10 ce. of fasting 
ring urine. This is basically in 
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agreement with Sylvest’s! smaller series. 

In studies on the fasting morning 
excretion of urorennin in 50 normal 
patients in the pernicious anemia age 
group it was noted (Table 2) that 13, 
or approximately 25%, of these patients 
excreted urorennin of less than 0.5 R.U. 
per 10 cc. of urine. The remaining 
patients constituting approximately 75% 
of the total 50 excreted more than 0.5 
R.U. per 10 cc. of urine. 

Discussion. Many patients with per- 
nicious anemia stay on the borderline 
of remission by injudicious and infre- 
quent liver injections for “neurasthenia” 
or by the use of multivitamin capsules 
which contain just enough folic acid 
to maintain a sub-clinical remission 


1.03 


but not enough to keep the patient in 
good health. In these patients the per- 
ipheral blood picture and bone mar- 
row may not be typical of pernicious 
anemia. 

It also occasionally happens that a 
patient gives a history of having had 
pernicious anemia in the past, and 
having stopped treatment. had con- 
tinued to feel well. If these patients 
truly have pernicious anemia, they 
will need anti-pernicious anemia ther- 
apv for the remainder of their lives. 
If they do not have pernicious anemia, 
it is pointless to put them to the need- 
less expense of continued therapy. The 
measurement of urorennin is simple. It 
is a procedure which requires only 
the collection of a urine specimen and 
is much more pleasant for the patient 
than gastric analysis which requires 
intubation of the stomach. 

If the urorennin excretion in a fast- 
ing morning urine specimen is over 
0.5 R.U. per 10 cc. of urine, it is ex- 


SO OLMSTEAD, HIRSCHBOECK: 


rABLE 1.—URORENNIN EXCRETION OF 50 PATIENTS WITH PERNICIOUS ANEMIA 


Case No. R.U./10 ce. Case No. R.U./10 
l 0.138 26 0.00 
2 0.21 27 0.07 
3 0.07 28 0.00 
4 0.14 29 0.31 
5 0.10 80 0.07 
6 0.06 31 0.00 
7 0.00 $2 0.00 
33 0.09 
9 0.11 34 0.10 
10 0.00 0.08 
1] 0.00 36 0.00 
12 0.00 37 0.20 
13 0.00 iS 0.07 
14 0.14 39 0.0 
15 0.41 10 0.09 
16 0.25 +1 0.00 
17 0.24 $2 0.28 
18 0.00 1S 0.11 
19 0.50 4 0.00 

20 0.16 5 0.00 

0.06 +6 0.00 

99 0.18 17 0.00 

28 0.06 18 0.00 

24 0.00 19 0.17 

25 0.49 50 0.00 
Minimum Excretion 0.00 R.U./10 e 
Maximum Excretion 0.50 R.U./10 ex 
Mean Excretion 0.098 R.U./10 


rTABLE 2.—URORENNIN EXCRETION IN 50 NORMAL PATIENTS 


Case No R.U./10 ce Case Vo, R.U./1 
1 0.10 26 1.27 
2 0.11 27 1.29 
3 0.12 28 1.29 
4 0.12 29 1.36 
5 0.18 830 l 4 
6 0.25 $1 1.4 
7 0.30 +4 1.538 
8 0.33 33 1.62 
9 0.35 34 1.82 
10 0.35 35 1.87 
11 0.37 36 1.90 
12 0.41 37 1.97 
13 0.44 38 2.01 
14 0.538 39 2.02 
15 0.59 10 2.04 
16 0.62 +1 2? 06 
17 0.85 42 2 40 
18 0.87 43 2.58 
19 0.97 $4 2? 6S 
20 1.00 45 ee 
21 1.06 46 2 81 
22 1.07 7 2 86 
23 1.16 48 3.58 
24 1.18 49 3.94 
25 1.19 50 4.04 


Minimum Excretion = 0.10 R.U./10 cc. 
Maximum Excretion = 4.04 R.U./10 ce. 
Mean Excretion = 1.72 R.U./10 ce. 


URORENNIN EXCRETION 


tremely unlikely that this patient is 


suffering from pernicious anemia. If 


the urorennin excretion is under 0.5 
R.U. per 10 cc. of urine the patient 
may or may not be suffering from per- 


nicious anemia, and further diagnostic 
study is indicated. 


Studies of 
excretion in the fasting morning urine 


Summary. l. urorennin 


specimen of 50 patients with perni- 
cious anemia are presented and com- 


IN PERNICIOUS ANEMIA 87 
pared with similar studies in 50 normal 
patients of the same age group. 

2. It is concluded that if a patient 
excretes more than 0.50 rennin unit per 
10 cc. of fasting morning urine, it is 
extremely unlikely that this patient has 
pernicious anemia. 

3. If a patient excretes less than 0.50 
rennin unit per 10 cc. of fasting morn- 
ing urine, the patient may or may not 
have pernicious anemia and further 
study is indicated. 
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RECENT ADVANCES IN POTASSIUM METABOLISM 


By CaRI 


the 
New 


PIONEERS in the study of potassium 
included such investigators as Fenn*® 
Harrop and Benedict*!®, Heppel®.**, 
Atchley Butler and 
associates'®, Darrow and his co- 
and others. The 
foundation laid down by these workers 


and coworkers®., 


workers** basic 
formed a background for later studies. 
Our the the 
potassium ion in the physiology, as 


knowledge of role of 
well as in the pathologic physiology, of 
the human body has been greatly ex- 
tended In recent vears. The develop- 
ment of the flame photometer as a 
practical and simple method of deter- 
mining potassium concentrations stim- 
ulated a new surge of investigation in 
this field. Thus, the studies of Winkler 
and associates!2 Hoff, Smith and 
Winkler™, Danowski and coworkers2*- 


Elkinton and associates*2-*6, 


Tarail 
and coworkers!!*-"!8 and others have 
greatly expanded our knowledge of the 
function of this cation. It must be 
emphasized, however, that our under- 
standing of the role of this ion in the 
human body is still meager. For a 


88 
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Me dic 


oulslana 


comprehensive understanding of the 
role of potassium in health and disease 


the reader is referred to previous re- 
115,121 


views on this subject! 1. 44,50,9 


The present discussion is designed to 
correlate certain recent advances on 
this subject. 


the Hu- 


POTASSIUM. 


Potassium Distribution in 
man Body. Torau 
Since 98% of the body, potassium occu 
pies an intr wwellular position, determin 
ations of the total potassium in the 
human have varied. Early es 
timates placed the total content at 
0.11 to 0.35% of the total 
weight'’*®. Thus, a man weighing 70 
kg. would contain 77 to 245 om. 
2000 to 6000 mEq. potassium". 
more direct approach, with the use 


body 


body 


the radioactive isotope Ky, was de 
veloped by Corsa and _ associates*'. 
Their technique measured the ex 
changeable potassium, which is thought 
to approximate the total body content 
within 5%. By this method the total 
content of this ion in the body was 


found to be betwéen 2770 to 4040 
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mEq., with a mean of 3402 mEq. Ex- 
pressed in terms of body weight, this 
would be equal to an average of 46 
mEq. per kg. Using the same _tech- 
nique on determinations in 6 healthy 
men, Deane and Smith*? found a some- 
what lower figure, namely 2386 mEq. 
or 40 mEq. per kg. 

The total body potassium in healthy 
women, as determined by the radio- 
active displacement technique, was 
found to vary from 2770 to 4470 mEq,., 
or 31.5 mEq. per kg. of body weight?. 
The authors emphasized that the dis- 
crepancy in values between men and 
women could probably be attributed to 
the greater amount of adipose tissue 
present in females. Thus, total body 
potassium Is distributed in the body 
in the extracellular fluid, the intracel- 
lular fluid, and in the internal secre- 
tions 

EXTRACELLULAR Porasstum. The de- 
velopm« nt of the flame photometer for 
determination of serum levels of potas- 
sium has made possible many studies 
of this ion in normal and disease states. 
The serum potassium is particularly 
important as a measure of the extra- 
cellular level of this ion. Folk and 
issociates** have shown that the dis- 
tribution of potassium between inter- 
stitial and serum fluid may be pre- 
licted by the Gibbs-Donnan equilib- 
rium equation. Certain investigators** 
have established the normal serum con- 
centration from 3.5 to 5.5 mEq./L. One 
‘f the most comprehensive studies was 
lone by Farber and coworkers*®. In 
iis group of 70 normal patients the 
nean concentration of venous serum 
otassium varied from 4.41 to 5.3 
\Eq./L. with no significant differences 
etween arterial and venous concen- 

ations. The arteriovenous plasma K 

vel differences were found to be 
etween minus 0.9 and plus 0.5 

Eq./L. Using sucrose as a measure 

the extracellular volume, Deane and 

nith** found the total amount of ex- 


tracellular potassium to range from 40 
to 60 mEq. in normal adults. 

INTRACELLULAR PorasstuM. Knowl- 
edge of the concentration, as well 
the total amount, of potassium in the 
intracellular compartment has been 
limited by lack of a suitable method 
for determining these values. Where- 
as certain facts about the role of potas- 
sium have been established, informa- 
tion about total potassium balance is 
essential to an understanding of the 
function of this electrolyte in the hu- 
man body. 

The first reasonable estimate of the 
average concentration of potassium in 
the intracellular fluid of humans was 
made by Corsa and his coworkers?! in 
1950. They measured the total body 
potassium with radioactive Ky. and 
the serum potassium concentration 
with a fame photome ter. By assuming 
the volume of the intra- and extracel- 
lular fluids, they calculated the average 
amount of potassium contained intra- 
cellularly to be 106 mEq./L. Deane 
and Smith*’ carried the evaluation one 
step further by using the same tech- 
nique but actu: ally measured the extra- 
cellular (sucrose) and_ intracellular 
(antipyrine ) fluid volumes. Their esti- 
mation of the concentration of potas- 
sium intracellularly varied from 96 to 
125 mEq./L. (mean 115 mEq./L.), o1 
a ‘total content of about 1590 to 2890 
mEq. 

It must be emphasized that the fore- 
going values are average for all intra- 
cellular tissues. Specific tissues have 
been found to have varying potassium 
concentrations. Direct determination 
has been performed only in the case 
of the red blood cell. Bodansky!? found 
the concentration in the red corpuscles 
to be 125 mEq./L. of intracellular 
water. Using an assumed value for the 
extracellular fluid volume and direct 
determination of potassium, Mudge 
and Vislocky** estimated the potassium 
concentration of skeletal muscle to be 
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150 to 160 mEq./L. of intracellular 
water. Darrow*® has given the values 
in various organs as follows: skeletal 
muscle 155 mEq./L., cardiac muscle 
142 mEq./L., liver 145 mEq./L., and 
brain 184 mEq./L., all of intracellular 
water. 

INTERNAL SECRETIONS. The concentra- 
tion of potassium varies in the secre- 
tions of the various glands and organs 
of the body. 
fluids in various disease states may re- 


Abnormal losses of these 


sult in severe negative potassium bal- 
ance. The normal concentrations have 
been reported as follows: saliva 18.9 
mEq./L., juice 14 mEq./L., 
hepatic bile 6.6 mEq./L., jejunal, ileal 
and colonic juices 6.2 to 7.2 mEq./L., 
to 5 


gastric 


and pancreatic secretions 4 
mEq./L.°°. It must be emphasized that 


in disease states these values may not 


be representative. 

Frenkel and associates*® have shown 
that in vomitus the potassium concen- 
tration may be four to five times the 
normal concentration of gastric juice. 
Reports indicate that low serum potas- 
sium is a fairly frequent occurrence in 
patients with vomiting due to intestinal 
obstruction®®. Recently, patients have 
been reported in whom hypokalemia 
developed during episodes of vomiting 
duodenal ulcer, pan- 
creatitis, the gallbladder, 
ileus and acute alcoholism*:®. Danowski 
and coworkers*® have reported low po- 


accompanying 
disease of 


tassium levels due to prolonged vomit- 
ing in infants. 

In a similar manner, diseases which 
produce diarrhea result in hypopotas- 
semia. Estimates of the amount of the 
electrolyte lost during diarrheal states 
are not adequate. In a patient who 
developed diarrhea following ingestion 
of laxatives the liquid portion of the 
contained between 50 to 55 
mEq./L. of potassium'’’. Darrow”® has 


stool 


demonstrated that death in infants with 
diarrhea may be attributable to hypo- 
Patients 


potassemia. with cholera 
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showed muscular paresis which proved 
reversible following administration of 
potassium®’. A deficiency of this cation 
was observed in a patient with sprue 
due to lymphosar« oma””, 

Withdrawal of fluids from the gas- 
trointestinal tract, as in use of the Wan- 
gensteen and Miller-Abbott tubes, has 
also been shown to deplete the body of 


potassium Injudicious use of laxa- 
tives has resulted in hypokalemia in 2 
patients'’’. The potassium deficit in 
these patients was found by radioactive 
studies to be one-third of the normal 
content of the body. 

Membrane Transfers of Potassium. 
NorMAL Dynamics. Balance 
following intravenous injections of po 
tassium have indicated that the cellular 


membranes are extremely permeable to 


studies 


the passage of this ion®’. The degree of 
permeability, however, has been shown 
to differ in various cells. Although the 
reasons for this difference are not clear, 
Elkinton, Winkler Danowski*® 
have attributed it to the varying met 
abolic activity of cells rather than to 
the degree of cellular membrane _per- 


and 


meability. 

Orally administered radioactive po- 
tassium has been shown to be absorbed 
from the gastrointestinal tract in about 
one-half hour™. Fenn®® demonstrated 
in animals that 
potassium is taken up immediately by 
the and 
later transferred again to plasma and 
then absorbed by the cells of muscle 
red blood corpuscles and the brain 


injected radioactive 


liver other visceral organs, 


Corsa and associates*!, using human 
subjects, confirmed these studies. They 
further that injected 
radioactive Ky» is rapidly taken up by 


liver cells, less rapidly by muscle, and 


demonstrated 


more slowly by red blood cells, brain 
and bone. Their conclusions regarding 
brain and bone cells were drawn fron 
work done on cats, after demonstrat 
ing that the Ky» exchange rate wa 


d 
identical in this animal and in the 
) 
human. 
n 
\ considerable number of studies 
iC 
designed to show the behavior of the 
potassium ion in its transfer across 
S- 
cellular membranes has been done iu 
0 
inimals*’. Recently the red blood cell 
is 
of man has been utilized for these same 
Or 
studies. Weller and Taylor!*> determin- 
a 


‘ ed the amount of potassium in red 
blood cells after radioactive potassium 
had been added to the plasma. Their 
studies revealed that this ion is con- 
- stantly being exchanged between the 
plasma and the red blood cell at a 


- rate of about 1.5 mM. of potassium in 
on each direction per hour. This rate is 
" known to be slower than the passage 
- through cellular membranes of other 
to tissues. 

ol The concentration gradient between 
he i low extracellular and a high intra- 
cellular level of potassium suggests 
ye that an energy mechanism must exist 
- for the transfer of this electrolyte into 
et the cell. Raker and associates’, study- 
“ ng the red blood cell in human pa- 


tients, found that the energy necessary 
for this transfer is provided by the 

ps netabolism of glucose. They observed 


red that red cells utilized 1 mM. of glucose 
out tor each millimol of potassium that 
ted ntered the cell. Furthermore, the tem- 
tive erature coefficients, rate of transfer 
by f potassium, and rate of utilization of 
ins lucose by the red blood cell bore a 
and lirect relationship to each other. Dan- 
cle wski** demonstrated that potassium 
ain aves the red corpuscles if glucose is 
nan <hausted. 

hev Indirect studies also bear out the 
‘ted portance of carbohydrate in the 
by insfer of potassium across the cellu- 
nae r membrane. It has been demonstrat- 
mas | repeatedly that following adminis- 
lin: ition of insulin, serum levels of po- 
‘sium decrease, indicating intvacellu- 
<i transfer. Renal potassium excretion 
i s been shown to diminish at the 


ne time. Fenn®’ has demonstrated in 
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animals that potassium was deposited 
intracellularly, with glucose, during 
glycogen formation in the liver. 

‘ABNORMAL Dynamics. Certain fac- 
tors which occur in abnormal states 
appear to modify the transfer of potas- 
sium the cellular membrane. 
These studies must be considered 
equivocal in the light of our inadequate 
knowledge of potassium metabolism. 

There is increasing evidence that 
tissue anoxia may result in altered cell- 
ular membrane function such that po- 
tassium is abnormally transferred from 
the intracellular to the extracellular 
space”, Animal experimentation has 
shown that during asphyxia potassium 
is given up by the cells, especially 
those of the 

It has been suggested that changes 
in pH of the blood may influence trans- 
fer of potassium across cellular mem- 
branes*. Merrill and coworkers** have 
reviewed the work of Hoffman and 
Jacobs" on the effect of lowering blood 
pH. The latter authors® proved that in 
nephrotic patients administration of 
potassium chloride increased the 
amount of this cation in the red blood 
cell before but not after acidosis was 
produced by ammonium chloride. A 
high degree of correlation between se- 
rum potassium concentration and blood 
pH has been observed in patients with 
diabetic acidosis**. When the pH of 
the blood was lowered, the serum po- 
tassium was elevated and, in contrast, 
an elevated pH was accompanied by 
decreased serum potassium. 

Further correlation has been shown 
to exist between a low pH of the blood 
and elevated T waves (suggesting in- 
creased serum potassium levels) in 
the electrocardiograms of patients with 
artificially induced metabolic acidosis‘. 
Patients with metabolic alkalosis in- 
variably show a decreased concentra- 
tion of potassium in the serum as well 
as the intracellular fluid’-"*. 


across 


i 


PROGRESS 
Metabolism of Potassium. INCREASED 
INTAKE. The 
of potassium for the body is that con- 
tained in Normally 
t om. or 75 to 100 mEq. of this ion 
Meats 


among the common foods 


chief exogenous source 


food. some 2 to 


are ingested daily*® truits, 


and milk are 


containing 


TTS 
eggs 


a high concentration of this 
1On, 

Potassium may also be supplied to 
body ther: uly, either orally 

parenterally. is safe 
hyper- 
kalemia in normal patients. However, 
it some other cause for hyperkalemia 
already exists in the body, then potas- 


The oral route 
a is not accompanied by 


sium intake must be restricted. Various 


potassium salts are absorbed at differ- 


ent rates°’. Potassium acetate in doses 
of 2.5 gm. daily causes a measurable 
increase in serum potassium. Potassium 
chloride in 12-gm. doses causes a 61% 


later. 


doses is 


he urs 
20-gm. 


increase in the serum 2 


Potassium iodide in 
accompanied by no appre ‘ciable rise in 
the serum level of this ion. 

When potassium is administered by 
route, the 


serum levels depends 


the intravenous rate of in- 
crease in the 
ion 
of ad- 
Rapid injection appar- 
hyperkalemia and may 


concentration of the 
fluid given and (2) 


upon: 1) 
in the 
ministration 
ently results in 
be 
HORMONAL 


rate 


INFLUENCE. detailed 
description of the hormonal effects in 
potassium physiology has recently been 
reviewed by Thorn and coworkers!2° 
22 and will not be repeated here. 
DECREASED INTAKE. decreased in- 
take of potassium does not, alone, pro- 
Usually other 
with this factor in the 
low plasma levels. 
Studies of patients in negative nitrogen 
that the kidneys con- 
excrete potassium in spite of 
intake of this ion. Schoch'"* has 
stressed that such studies are not rep- 
resentative and that more 


duce hypopotassemia. 
causes combine 
production ot 
balance indicate 
tinue to 


low 


accurate 
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evaluation of tubular capacity to re- 
absorb potassium would be possible if 
with a 


diet low in potassium but with ade- 


the subject were investigated 


quate proteins and calories. Prelim- 
inary studies of this kind indicate that 
under such conditions the kidney will 


not adequately conserve pot issium!°?, 


Parenteral 
sium-poor fluids to patients with little 


administration of potas 


of this electrolyte has re- 
blood levels. 
favor 


or no intake 
sulted 
Usually 


lowering of the 


other conditions which 
potassium depletion are present in 


Bellet 


Importance 


these patients, however. and as- 


sociates® have stressed the 


of administering excessive parenteral 
fluids to patients with diseases causing 
vomiting, as an accessory factor in pro 
ducing hypokalemia 

Output. Loss in 
Body Fluids. The 


tion of potassium by the kidneys has 


Other 


mechanism of excre 


Urine and 


been greatly clarified in recent years. 


Earlier studies, in animals, indicated 
that both a glomerular-tubular reab- 
sorption factor and a tubular-secretive 
factor were involved. More recent in 


vestigations have extended these re 
sults to man*® 

nder normal conditions, in humans, 
not than 15 to 20% of the 
sium filtered by the 
creted in the urine. 
part of 80 to §5' 


tubules. Tubular secretion of potassium 


more potas 
glomeruli is ex- 
Thus, the 


is reabsorbed by the 


greater 


has also been demonstrated in normal 


subjects during intravenous adminis 
tration of this ion 

Potassium is lost in relatively large 
quantities in the urine during diuresis, 
as demonstrated by the decreased se 
rum potassium levels after administra 
tion of excessive 


amounts of saline o1 


1) When glucose 
factor 
creasing the transfer of potassium to 


glucose®* Was given, 


an additional was present, in 
an intracellular phase and so further 
levels?®, In patients 
uncontrolled diabetes the low 


lowering 
with 


serum 


if 


ins 
tas 
eX 
ite! 
the 
ium 
mal 


nis 
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blood levels of this cation are | »bably 
due to the accompanying polyur:s. 
Newburgh* has shown that diseased 
kidneys conserve potassium less effi- 
ciently than do normal ones. Others 
have confirmed this and demonstrated 
almost constant urinary volumes and 
urinary concentrations of pots issium in 
patients with advanced renal disease, 
despite variation in the intake of this 
ion'*, The urinary concentration of po- 
tassium in patients with advanced renal 
disease was found to be higher than 
in groups with normal kidneys”. The 
exact mechanism of these phenomena 
has not been adequately explained but 
one or all of three mechanisms have 
been suggested by the following 
studies. 
In patients with renal disease the 
tubular secretion of potassium seems 
to continue whether the serum level of 
this ion is high, normal, or low7’. The 
animal studies of Berliner and asso- 
ciates'' seem to confirm this. They 
showed that inhibiting carbonic anhy- 
drase in the kidney of dogs with 6063 
caused a sharp increase in potassium 
excretion, probably due to inability of 
the kidneys to acidify the urine with 
hydrogen. They also ‘showed that the 
increased excretion of potassium could 
be inhibited by mercurial diuretics. 
Such studies were designed to show 
that the increased excretion of potas- 
sium is due to increased secretion by 
the renal tubules. They suggest that 
d comparable situation may be present 
n certain patients with renal disease. 
(he basic renal pathology, in such 
ases, would interfere with the capacity 
the kidney to acidify urine. Such a 
linical condition, . renal acidosis 
r tubular insufficiency without glo- 
erular insufficiency. . .” has been de- 
ribed*:57, 
As early as 1925 Gamble and co- 
orkers®’ stated that with renal damage 
id a defect in base-saving mechan- 
ns, increased amounts of fixed base 


are excreted in the urine. These were 
usually potassium and sodium. How- 
ever, when there was an intense stim 
ulus for the kidneys to conserve so- 
dium, as was demonstrated by admin- 
istration of ammonium chloride, then 
potassium was 

Thorn and Forsham’*° have aemon- 
strated that patients with salt-losing 
nephritis will lose a greater than nor- 
mal quantity of fixed base in the ex- 
cretion of the acid end products of 
body metabolism. Patients with neph- 
ritis have also been shown to have 
a defect in the ammonia-forming capa- 
city of the kidney. Such a defect can- 
not account for increased potassium 
excretion in all types of renal diseases, 
however. 

Earle and associates*® reported a 
nephritic patient who excreted in the 
urine some 50% of the potassium intake 
on a diet low in this ion and 88% on 
a normal diet. In this patient there 
was no impairment of the kidney’s 
ability to manufacture ammonia or to 
excrete acid urine, as evidenced by 
administration of ammonium chloride. 
They attributed the excessive excretion 
of potassium to a defect in the renal 
tubular mechanism and postulated that 
decreased tubular reabsorption and in- 
creased tubular secretion were both 
involved. Studies by Schock’, in a 
patient with polycystic kidneys, were 
in agreement with this work. 

A fourth mechanism has been de- 
scribed by Burnett and coworkers’® in 
patients with metabolic alkalosis. The 
patients reported showed a renal syn- 
drome similar to that seen in lower 
nephron nephrosis. Large amounts of 
potassium were excreted. Elkinton and 
others**, on the other hand, described 
patients with metabolic alkalosis who 
showed no increased loss of potassium 
by the kidneys. They found the direct 
opposite, name ‘ly, conservation of po- 
tassium by the kidneys during meta- 
bolic alkalosis. In patients with pro- 
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longed hypokalemia renal function was 
Normal function returned. 
6 weeks in one 


impaired 
however, instance and 
10 weeks in another following reple- 
tion ‘of patient with 
prolonged depletion of potassium the 


excreted by the 


this ion. In one 
amount of this ion 
kidneys was reduced. 
and Anuria. 
turbances in renal 


Whereas 


tunction are 


Oliguria dis- 
com- 
mon causes of hypopotassemia, it is 
that the 
cause of hyperpotassemia is poor renal 
function*®. The ability of the kidneys 
to remove 85 to 95% of potassium from 


the body key 


organs in How- 


also true most common single 


establishes them as the 


excretion of this ion. 


ever, poor renal function does not 
necessarily reflect elevated potassium 
levels. Most patients with mild renal 
insufficiency have normal or near nor- 
mal serum potassium levels, or even 
hypoki ilemia, as previously discussed™* 

“4 The serum found to 
be normal in the majority of a group 


of patients with nephrosis*'. Earle and 


le ‘ve ls were 


associates®® observed that in acute 
nephritis the concentration of potas- 
sium was increased during the early 


oliguric phase and was decreased dur- 
ing the diuresis of the recovery phase. 
Farber others*® found that the 
plasma levels of this cation may rise 
well before the terminal stages of 
nephritis. They showed further that 

patients with congestive heart fail- 
ure and chronic glomerulonephritis the 
serum potassium level would rise as 
soon as the glomerular filtration rate 
fell below 60 cc. per minute. Usually 
when severe impairment of the kidney 


and 


deve lops, increased serum potassium 
Renal failure results in 
inability to rid the body of. this 
ion, and death due to hyperkal- 
emia ensues®*-6552,112, 118 However. 
renal insufficiency may exist with 


slightly elevated, normal, or even with 
lower than normal levels of potassium 
in the serum), 


MEDICAI 


SCIENCE 


Present evidence seems to indicate 
that severely damaged kidneys may or 
may not e xcrete large amounts of pot iS- 
sium. The determining factor in the 


development of hy pe rkalemia seems to 


be the amount of urine which the 
kidnevs can 
oliguria or anuria is essential | for de 
velopment of hyperpotassemia' This 


is demonstrated by the elevation of this 
patie nts with the lower 
nephron syndrome, terminal stages of 
glome rulone :phritis, pye ‘lonephritis, ure- 


cation in 


mia, polyey ystic kidne ‘vs and other renal 

Abnormalities in 
Concentration. The 


normal 


Potassium 
importance of 
serum 


maintaining potassium 


concentration (mirroring the extra- 
cellular fluid 
appreciated when the limits of normal 
altered. Relatively small 


fluctuations above or below the 


concentration ) can be 
range are 
nor- 
mal result in pathologic states which 


may be fatal. 

When the serum potassium concen- 
tration exceeds 5.5 mEq. hyper- 
potassemia, or hyperkalemia, is said 


to exist. Hypopotassemia, or hypokale- 
blood fall 
below 3.5 mEq. L.. In both conditions 
the clinical features are primarily re- 
lated to skeletal and cardiac muscle. 
HyperKALEMIA. Etiology. Various 
etiologic factors are responsible for a 


mia, occurs when levels 


rise in the serum potassium concentra- 
tion. Among the 
are oliguria and anuria 
sive intake of potassium’ 
transfer 


586 


more common Causes 


65,777,128 | exces- 
7,109,128 altera- 
the cellular 
tissue breakdown", and 
Several of these have 
discussed, and it must 
or several factors 
y contribute to any 
hyperkalemia. 
Signs and Symptoms. The clinical 
state associated with hyperpotassemia 
has been described in patients with 
renal insufficiency and in patients to 


tions in 
membranes 


across 


already been 


be realized that one 
may 


one case of 


Da 
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whom excessive amounts of potassium 
have been administered®***, The signs 
and symptoms appear to arise from the 
neurologic, cardiac, and skeletal mus- 
cular systems®?:71,82 ,109, 

With slight ianidiniee in serum potas- 
sium, patients complain of weakness**; 
when the plasma level reaches 7.5 
mEq./L., paresthesia of the extremities 
and trunk develops. At higher concen- 
trations flaccid paralysis occurs, first 
in the trunk and extremities but later 
extending even to the respiratory mus- 
cles, where it is accompaniod by symp- 
toms of asphy xia” 

The cardiac indicate 
a disturbance in the conduction mech- 
anism of the heart**. These are detect- 
ed best by use of the electrocardio- 
graph, which has been found to be a 
valuable, though crude, guide to the 
severity of potassium intoxication™:** 
rhe earliest electrocardiographic 
changes are noted in the T waves, 
which become tall and peaked!*5-!*9, 
\s potassium intoxication progresses, 
the following 
changes are manifested?:20-53.73,112 116, 
ST segment depression, auriculoven- 
tricular block, auricular standstill, in- 
traventricular block, idioventricular 
rhythm, ventricular tachycardia, fibril- 
lation, and ventricular standstill. Cor- 
elation of the electrocardiogram and 
ntracellular levels of potassium in 
inimals has not been close??. These 
hanges have qualitatively correlated 
vith serum potassium levels; however, 
he serum sodium levels also seem to 
ive some effect on the electrocardio- 
ram during hyperkalemia**. In the 
me patient with the same degree of 
jtassium elevation, a low sodium level 
ill produce electrocardiographic al- 
rations which deviate more from the 

rmal than if the serum sodium were 

mal. 

There has been some discussion in 

literature concerning the relative 
its of the determination of the se- 


rum potassium or the electrocardio- 
gram in patients in whom the serum 
level of this ion has become altered. 
It is generally agreed that actual 
serum potassium determinations are in- 
dispensible in the diagnosis of hyper- 
kalemia*®.**. The electrocardiograph as 
a diagnostic instrument has been 
limited by the fact that organic heart 
disease may produce many of the 
same changes in the ele ctrocardiogram, 
and it provides a qualitative but not 
quantitative estimate of serum potas- 
sium concentration'!®, However, once 
the diagnosis of hyperkalemia is es- 
tablished, the electrocardiograph has 
been shown to serve as the best guide 
to the degree of toxicity. Merrill and 
others™* emphasized that the electro- 
cardiogram “. . . records the totality of 
the effects of the environment acting at 
the surface of the heart and (peri- 
pheral) muscle cells and _ reflects 
faithfully the reaction of the cardiac 
muscle.” In other words, the electro- 
cardiogram has been shown to record 
the net effect of the changes in potas- 
sium, sodium, and other possible un- 
known factors on the cardiac muscle. 

The lethal serum potassium concen- 
tration in man has been approximated 
at about 10 mEq./L.'*. The cause of 
death in most patients is cardiac 

The potassium content of the intra- 
cellular space during hyperkalemia re- 
quires further investigation. There is 
some evidence that potassium is in- 
creased in the intracellular compart- 
ment after potassium administration in 
Addison’s disease and in certain pa- 
tients with renal failure?*. 

Treatment of Hyperkalemia. Treat- 
ment of patients with hyperkalemia 
has been reviewed in detail by Merrill 
and coworkers**. Parenteral use of cal- 
cium and sodium has been shown to be 
of temporary value in this condition**. 

The use of insulin and glucose as 
a mode of decreasing the serum potas- 
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sium level in patients with hyperkale- 
mia was first suggested by Bywaters!® 
Clinically, 
improved by the use of hypertonic 


the electrocardiograph was 


The use of glucose 
and insulin has proved effective in the 
treatment of patients with hyperkale- 
mia due to renal insufficiency** 

hormones in the treat- 
ment of hyperkalemia has been pro- 
DOCA, cortisone, hydrocorti- 
ACTH have been shown to 
urinary excretion of this 
ion'*°-!"2, DOCA in large amounts fail- 
ed to prevent or relieve hyperkalemia 
due to lower nephron nephrosis. The 
value of the 


glucose solution™ 


The use of 


posed. 
sone and 


increase 


cortisone derivatives and 
CTH awaits clinical trial. 
The most effective modes of treating 
hyperkalemia have been those designed 
the 


showed 


to remove this ion from body. 
Nicholson and Spaeth‘ that 
perfusion of the large bowel with saline 
and hypertonic glucose was effective 
in decreasing the serum potassium level 
in patients with intoxication of this 
ion. Recent studies in the use of the 
artificial kidney have indicated this 
method to be the most effective way to 
treat patients with hyperkalemia****.126, 

The use of resins has opened a new 
approach in therapy of patients with 
hyperkalemia. Elkinton and associates*” 
that a carboxylic ammonium 

resin administered both 
orally and as an enema decreased the 
serum potassium level in 3 patients 
with hyperkalemia. 

HypopotasseMia. Etiology. Changes 
in potassium physiology which result 
in hypopotassemia may be listed as 


showe d 


exchange 


follows: (1) decreased intake of the 
ion, (2 Fess *s in urine and other body 
fluids, (3) expansion of the extracel- 


lular space and, (4) increased transfer 
of potassium to the cells?*:58.91, 

Signs and Symptoms. The 
picture associated with low serum 
levels of potassium reflects involve- 
ment of the skeletal muscular and car- 


clinical 
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diovascular The relation of 
the serum concentration to the clinical 
state has been shown to be qualitative 
and not quantitative Thus, 
patients symptoms 


systems. 


56,90 


some 


show signs and 
with potassium levels of 

whereas others may feel perfectly well 
plasma 


concentration of 2 
The electrocardiogram con- 


3 


with a 
mEq. 

sistently shows abnormal changes with 
lowering of serum potassium; however, 
as will be discussed later, these ee 
are not specific for any given level « 

potassium. It seems logical to ees 
that factors other than the actual po- 
tassium level may be operative in pro 
ducing the total 
toms apparently 


picture. The symp- 


depend the 
rapidity with which hypokalemia de 
velops. Muscular tissue has been shown 
to become acclimatized to slow deple 
this ion. 


ot hypopotassemia has been shown to 
108 


tion of Rapid development 
cause more signs and symptoms 

Initially patients complain of gener 
hypokalemia 
progresses, paralysis of skeletal muscle 


alized weakness**. As 
occurs in groups of muscles, with no 
apparent pattern to the advancing in 
“fish 


mouth” type of respiration is described 


volvement of musculature. A 
when the intercostal and diaphragmatic 
muscles are involved and the accessory 
muscles of respiration are brought into 
result from ad 
vanced respiratory paralysis™. 

The is apparently in 
trinsic to the muscles themselves, since 
block has no effect on the 
flaccid muscles**®. The nature or exact 
cause of muscular flaccidity and par 
alysis is not clear, however. Eliel, Pear 
son and White*', studying a group of 
postoperative patients with hyperkale 
mia, muscular flaccid 
paralysis, and in 
creased steroids 
that the 
paresis may be due to hyperfunction o 
the adrenal cortex and likened th: 


use®®, Suffocation may 


disturbance 


local nerve 


weakness and 


found eosinopenia 
excretion of urinary 


He suggested on this basis 
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svndrome to that found in patients 


with Cushing's disease. Jantz®® observ- 
ed excellent correlation between pa- 
ralysis and the ultrafilterable fraction 
of the pli isma potassium in patients 
with familial, periodic paralysis. Tarail 
and coworkers!!® studying this fraction 
in normal patients and in patients with 
electrolyte disturbances, found little 
change in the ultrafilterable portion. 
It must be noted, however, that none 
of the patients in the latter study had 
paralysis and few had lowered serum 
potassium concentrations. 

The cardiovascular manifestations 

both central and peripheral. They 
sears a systolic precordial murmur, 
low blood pressure, especially — the 
diastolic component, resulting in a 
wide pulse pressure, high venous pres- 
sure electrocardiographic 
( hanges' 

Varied electrocardiographic patterns 
have been described in association with 
hypopotassemia. Limb leads, as well 
is chest leads, must be utilized to 
demonstrate them all. It is generally 
igreed that in uncomplicated hyper- 
kalemia, two changes are constant: 
rolongation of the QT interval and 
lowering or inversion of the T wave. 

Bellet and coworkers", studying 79 
vatients with hypokalemia due to var- 
ous causes, described general pat- 
erns. Group | (33 patients ) showed a 
rolonged QT interval and lowered 
r inverted T waves. ST segment de- 
ression was a distinguishing factor in 
ll these cases. Group 2 (31 patients ) 
ealed prolongation of the QT inter- 
il and inversion of the T wave. 
‘roup 3 (6 patients) exhibited pro- 
nged QT intervals but upright T 
ives. All these patients were in alkal- 
is and some of them showed de- 
ased serum calcium. This same pat- 
n was described by Engel and asso- 

tes*’ in patients with both decreased 

um calcium and decreased serum 
issium. It is of interest to compare 


the electrocardiogram patients with 
uncomplicated hypokalemia and_ in 
those with decreased serum calcium. 
Both types of tracings characteristically 
show a prolonge ‘d QT interval. When 
the potassium is low, the prolongation 
is at the expense of the T wave; when 
the calcium is low, the prolongation 
of _- QT interval is at the expense of 
the ST or RT segment, and the dura- 
tion - the T waves is normal. The T 
wave is usually lowered in amplitude 
or inverted in hypokalemia, whereas 
it may be inverted or upright in the 
presence of lowered calcium. These 
facts suggest that when the two condi- 
tions occur simultaneously, the electro- 
cardiographic pattern of Group 3, as 
described by Bellet and associates"”, 
results. Theoretically, the isoelectrically 
prolonged ST segment due to calcium 
deficit would decrease inversion of 
the T wave due to potassium de- 
ficiency. The small number of patients 
studied in this regard precludes any 
definite conclusions. 

Groups 4 and 5 in the series of Bellet 
and his associates'® were character- 
ized by U waves. They emphasized 
that since the end of the T wave and 
the beginning of the U wave could 
not always be distinguished, it was 
necessary to measure a QU instead of 
a OT interval. In all instances the OU 
interval was prolonged. 

Earle and associates*® describe one 
additional change in the electrocardio- 
gram of a patient with nephritis. The 
conventional changes associated with 
hyperkalemia were present and, in ad- 
dition, there were the changes asso- 
ciated with heart block. Atropine re- 
lieved the heart block, and these in- 
vestigators postulated that a lowered 
level of serum potassium might  in- 
crease vagal tone to the point of heart 
block. 

The electrocardiogram is invaluable 
in the diagnosis as well as in the treat- 
ment of patients with hypopotassemia. 
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exercised in inter- 
since other condi- 
tions, such as hypertension, myocardial 
insufficiency, pulmonary” e mbolism, 
shock-like states and drugs (e specially 
produce many of the 


must be 
he wever, 


some care 
ition, 


quinidine may 


changes! 

described 
pathologic the 
heart and kidneys in animals subjected 


same 

Earlier 
consistent lesions of 
to deficits in poti issium. Similar lesions 
were noted in a patient with hypokale- 
mia due to The 
heart necrosis, 
fibrosis. 


diarrhea®? 
myocardial 
and a non-specific inflamma- 
tion of the subepicardial tissue. Renal 
changes were confined to the tubules, 


chronic 
showed 


where 


severe hydropic degeneration 
present The most frequent 
changes were found in the proximal 
tubules. Similar renal changes were 
encountered in a patient with 


Carcinoma ot the pancreas and ASSO- 
ciated hyperkalemia’. 

Recent work has indicated certain 
changes in the intracellular sodium and 
potassium ions during hypokalemia®*®. 
Balance studies suggest that a deficit 
in intracellular potassium is present 
when the level of this ion is 
decreased2? total body 


serum 


Thus, deficits 


in potassium have been encountered 
in postoperative conditions'', in pa- 
tients with diabetic acidosis**, and in 


association with prolonged vomiting*’. 
The latter based on the 
assumption that chloride is found only 
in the extracellular space. Dean, Ziff 
and Smith**, using radioactive chloride, 
have shown that 29.7% of the total 
body chloride is present in an intra- 
cellular position. 

The intracellular deficit of potassium, 
which may occur, has been studied by 
Schwartz and Reiman?’ in patients 
with hypokalemia due to overuse of 
laxatives. Using a radioactive potas- 
technique, they showed that 
about 500 mEq. of this ion were re- 
tained intracellularly. They 


studies were 


sium 


showed, 
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further, that since 462 to 505 mEq. « 

potassium entered the ce Ils in exchange 
for some 454 to 483 mEq. of sodium, 
the latter ion apparently entered the 


intracellular space during potassium 
depletion. 
Using radioactive potassium, Aikawa 


and coworkers! proved that decreased 
intracellular potassium existed in many 
pi atients with normal serum 
He classified these patients with low 
total body potassium as follows: 


“1. A decrease 
to: 
a. decreased food intake 


in body mass secondary 


result- 
ing from anorexia 
b. increased catabolic 
c. both 
Examples: Malnutrition, mal 


thvrotoxicosis, chronic 


processes 


ignancy, 
infectious diseases and febrile 
pisodes. 
Here loss of body weight parallels 
thus, 
concentration of potassium would 


the loss in total tissue mass; 


be normal in spite of low exchange- 
able potassium. 


2. An increase relative fat content 
of the body. 
Ex: umple: Obesity. 
3. Expansion of the extrace ‘lular fluid 


compartme nt. 
Example: 
edema. 


Myxedema and 
In 1, 2 and 3 there was no decrease 
in intracellular potassium and no 
increase in exchangeable potassium 
when potassium was administered. 

4. Excessive loss of potassium from 
the body. 

Example: Vomiting, diarrhea, 
and gastrointestinal secretions. 


5. Cellular metabolic abnormality 
suggested by low exchangeable 
potassium per body weight and 


by pe atients in whom there was in 
creased exchangeable potassium pet 
body weight after potassium admin 
istration. 
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Examples: Diabetes mellitus 

and cirrhosis of the liver. 

6. Unknown. 
\ low exchangeable potassium per 
body weight with an increase fol- 
low ing potassium administration in 
multiple sclerosis and psychoneur- 


OSIS. 


States. Diabetic Acidosis. 
Patients with diabetic acidosis show 
elevated or normal serum potassium 
before therapy in spite of decreased 
intracellular 

Within 1 to 18 hours after therapy is 
begun, the low potassium level be- 
comes evident in the serum?*-°4-67,88-91, 
The loss of this electrolyte has been 
shown to result from diuresis during 
glycosuria, and this loss increases with 
the development of acidosis and es- 
cape in vomitus at a time when the 
intake is zero**:*8-*!, We have already 
discussed, under the heading of 
hypopotassemia, the cause of the par- 
adoxical normal or elevated serum 
levels in the face of an actual deficiency 
of this ion. The degree of this de- 
hiciency may be realized by citing a 
case of Stephens"! in which 33.3 gm. 
of potassium were administered dur- 
ing the first 15 hours. This amount 
was not sufficient to raise the serum 
levels to normal. 

The decrease in the serum potassium 
ifter institution of therapy has been 
hown to be due to (1) the insulin 
fect of transferring potassium to an 
ntracellular position, (2) the dilution 
potassium-poor parenteral fluids, 
nd (3) the loss of potassium in the 
irine due to the diuretic effect of 
irge amounts of fluid containing glu- 

se or saline™*, 

\lkalosis. Metabolic alkalosis has 

‘en demonstrated to produce hypo- 

Uemia in a variety of clinical condi- 

ms. These include congenital alka- 

sis associated with diarrhea?’, pro- 
iged vomiting of predominately gas- 


tric fluids, as in pyloric obstruction!*** 

‘5,87 hyperadrenocortical states, as in 

Cushing's disease*™®, ACTH administra- 

tion''’, and the postoperative 

Elkinton, Squires and Crosley** clas- 
sified alkalotic states associated with 
hypokalemia as follows: 

“(1) Low K intake: psychoneurosis 

and anorexia nervosa. 

(2) Low K intake plus  gastro- 
intestinal fluid loss: chronic 
ulcerative colitis, hyperthyroid- 
ism with vomiting, congenital 
pyloric stenosis, cholecystitis, 
chronic hepatitis with ileus, 
carcinoma of colon with colos- 
tomy and vomiting. 

(3) Adrenocortical hyperfunction: 
ACTH administration and 
adrenogenital syndrome secon- 
dary to carcinoma of the 
adrenal cortex.” 

The studies of Burnett, Burrows and 
Commons!* patients with metabolic 
alkalosis due to pyloric stenosis showed 
a concomitant syndrome of renal in- 
sufficiency resembling lower nephron 
nephrosis. On the other hand, Elkinton 
and coworkers** could find no evidence 
of increased potassium loss in the urine 
of patients with alkalotic states, but 
rather evidence of potassium conserva- 
tion. 

The deficit in total body potassium 
in alkalotic states is evidenced by a 
decreased serum level and decreased 
intracellular amounts of this ion. The 
latter decrease has been demonstrated 
by muscle biopsy*, by retention of ad- 
ministered potassium**, and by studies 
with radioactive Darrow*®, 
after animal study, corroborated the 
lowered levels of intracellular potas- 
sium and demonstrated increased intra- 
cellular sodium at such times. This 
has also been noted in human patients. 

Elkinton, Squires and Crosley** re- 
ported several patterns of electrolyte 
distribution existing during states of 
metabolic alkalosis: (1) lowered potas- 
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sium with increased sodium, (2) nor 
mal potassium and increased sodium, 
and (3) lowered potassium with no 
The first pattern 


Was most commonly encountered and 


change in sodium. 
typically occurs during steady states. 
An abrupt disturbance in extracellular 
fluid is more frequently associated with 
the second and third changes. Evans*® 
found that alkalosis 
may exist in surgical patients without 


also metabolic 
decreased intracellular potassium. 
Familial Periodic Paralysis. Studies 
in patients with familial periodic pa 
ralysis that 
potassium metabolism was responsible 


have indicated disturbed 


for the muscle paresis 51,68.99,118, 
Danowski and associates“", from data 
otf balance studies, concluded that in 


disease 


this 


tion and serum potassium decreased. 


urinary potassium excre 

They observed that this ion was trans 
ferred to an intracellular location prior 
to the onset of paralysis. 

Paralysis may occur in some patients 
without a decrease in the serum potas- 
sium level!*4, Tyler and coworkers!** 
described a group of 33 patients with 
familial periodic paralysis in whom 
paresis developed with no change in 
level of this ion. All 


generations of the 


the serum were 


trom seven 


kindre d 


It has further been observed that in 


same 


this disease in patients with decreased 
concentration of serum potassium ad- 
ministration of 


this ion did not re- 


lieve the paraly sis?) 115,131 
TREATMENT OF HypoporassEMIA. 
The treatment of patients with hypopo- 
tassemia been 


has adequately re- 


viewed"**5, The cardinal principles, 
reiterated by many authors, stress the 
use of the oral route of administration 
whenever this method is possible and 
parenteral administration only when 
the patient shows adequate renal out- 
put, normal blood pressure and low- 
ered serum potassium concentration. 
Certain exceptions to this rule must 
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be realized, however. In patients with 
decreased blood pressure due to hypo- 
kalemia, potassium administration may 
be lifesaving’®. These patients may be 
recognized by the severe decrease in 
diastolic blood pressure at a time when 
the serum potassium concentration 1s 
depressed. These same patients often 
show decreased urinary output due to 
prerenal azotemia. It has been shown 
that potassium therapy will raise the 


blood 


will increase urinary output. The im- 


pressure to normal levels and 
portance of demonstrating decreased 
serum potassium concentration in this 


group cannot be overemphasized. 


Early reports advocated the pal 
enteral use of potassium solutions 
which varied in concentration from 
15 to 30 mEq. per L.'415°°°*, It is gen- 
erally recognized at this time that 


stronger solutions are required to re- 


lieve hypokalemia. Numerous concen- 
trations have been proposed, but in 
general 60 to 80 mEq. per L. is ac- 
cepted as the optimal strength**. Some 


S098 


workers have used hy perconcen- 


trations. that is, as much as 100 to 155 


mEq. per L. An excellent review of 
the various solutions recommended for 
use in hypokalemia has been published 
by Elkinton and Tarail**. 

Although one should always be cau 
tious in administering potassium, re- 
cent that the 


danger of producing potassium intoxi- 


studies have shown 


cation is not nearly as real as was or 
thought®®. 
are rapidly excreted in the urine and 
absorbed by the cells. 


iginally Actually, excesses 


The safest route of parenteral potas 
sium administration has been shown to 
be hypodermoclysis*’. The total amount 
necessary to replenish the deficit varies 
from patient to patient. Nadler and 
associates*® reported 2 patients who 
required 35 gm. of potassium chloride 
in 36 hours. Generally, replacement 
has been conducted over a period of 
2 or 3 days and the actual amount re 
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placed included potassium ingested in 
food tollowing parenteral administra- 
tion. This principle is particularly im- 
portant in therapy of patients with 
ilkalosis and hypokalemia. 

There is no practical method of de- 
termining when the potassium deficit 
has been corrected. However, it has 
been shown that the ion will go from 
the extracellular to the intracellular 
space as long as an intracellular deficit 
of this ion exists**. Thus, if potassium 
administration is discontinued, the se- 
rum concentration will immediately de- 
crease, unless the cellular deficit has 
been replenished. For practical pur- 
poses, potassium should be admin 
istered until the plasma level remains 
within normal range. Serial potassium 
determinations or electrocardiograms 


can be utilized to determine this and 
so to guide therapy. 

Patients with hypokalemia and con- 
ditions associated with tetany deserve 
special mention. With decreased se- 
rum potassium concentration the group 
with alkalosis or decreased serum 
calcium may not exhibit tetany as 
would be expected. During parenteral 
potassium administration when the se- 
rum potassium concentration is increas- 
ed to a normal level, tetany may 
develop. Thus, the rate of administra- 
tion of this ion must be such _ that 
replacement takes place slowly. When 
the patient can take fluids by mouth, 
foods rich in potassium, such as milk, 
eggs, and fruit juices, should supple 
ment the parenteral administration. 
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addition to the skin being a pro- — effects, and the possibility that changes 
tective barrier to the outside world, in immunity to the wart virus may 
is well known that it is an excellent take place due to endocrine influences 
medium of emotional expression. We (which in turn are influenced by the 
blush with embarrassment. perspire in emotions 
anxious moments, itch and_= scratch In a recent psychiatric survey of a 


when were impatient, and have “ 
Hesh” and pallor when we're scared. 


TOOSe 


The fact that the skin is an organ 
of emotional expression is also noted 
in our language. We tell “hair-raising” 


“skin of 
remark that “beauty is 
note that “he 
fear “losing our 


that “he 


tales pass exams by the our 


teeth 
only skin deep,” snidely 


of his skin,” 


and shudder as we 


wise ly 


is fond 
skins, note 
gets under our skins 

For many years, derm: sttologists have 
made isolated observations suggesting 
that the emotions may in some way in- 
fluence the 1 dermatosis*!-32 
16.37 A few recent ex: ashe s may suffice. 

Belisario*? has noted that 44% of com- 
and 88% of juvenile flat 
warts can be cured by suggestion alone, 
and quietly adds that this treatment 
leaves no scars on the skin. 


course of ; 


mon warts 


He suggests 
some possible mechanisms for cure by 
this psychological method, including 
the possibility of action via local and 
systemic autonomic 


nervous system 


104 ) 


random sample of skin 
Hall-Smith and Norton'> reported that 
in the 150 patients so tested, one-half 
of the patients volunteered the infor- 
mation that they thought that “a 


ous 


outpatients, 


nerv- 
condition” in some 
lated to their The 


emphasize that these patients were not 


Was Way re- 


disorders. authors 
a selected group but represented a 


typical cross-section of their work in 


the outpatient department. They note 
that psychologic: il factors seemed sig- 
nificant in 78.5% of the cases and that 


the series contained a large number of 


people with highly 


“abnormal” per- 
sonalities. 


The anxious obsessional was 


the most frequent personality type seen 


(52%), and emotional factors were 


prominent in cases of neurodermatitis. 


psoriasis, cheir¢ ypompholy x. alopecia 


dermatitis, sycosis 
and contact dermatitis. Thes« 
authors state that in their cases, pal 


areata, seborrhoeic 


barbae, 


liative supportive psychotherapy was 


NEUROLOGY 


often successful in alleviating the skin 
condition 
However, the mere acceptance of 
the fact that emotional factors are in- 
volved in skin diseases obviously, in 
itself, is not enough. One should then 
determine what the emotional factors 
are, how they result in skin distur- 
bances, and what one can do about 
it. The results of various recent inves- 
tigations are frequently found to be 
conflictual, but out of the present pot- 
pourri of investigative observations and 
contradictions is bound to emerge a 
sensible, workable hypothesis. 
Emotional Factors in Some Common 
Skin Diseases. Urticaria. Saul and 
Bernstein®* report the case of a young 
woman who, having intense longings 
for love, could not satisfy these long- 
ings, due to fear and inhibition re- 
rarding sexual relationships. This 
oung lady developed acute urticaria 
it times when her longings were par- 
ticularly frustrated and _ intense. 
and Wolf'®'*, investigating 
) patients with urticaria, determined 
that their patients all had a very pas- 
ve attitude toward punishment. They 
id not express hostility, indeed were 
resentful, and 
these authors came to the conclusion 


ncapab le of be ing 


at, in their cases, attacks of urticaria 
presented episodes of “helpless re- 
ntment. 
Other authors':'**! have noted the 
tect of excitement, especially annoy- 
nce, in producing the attack of 
ticaria in their patients. 
Wittkower*® notes that none of. his 
chronic urticarial patients had his- 
ries of allergy. This is in accord with 
idea that acute urticaria is usually 
rgic but that chronic cases are not. 
o-thirds of his patients had stated 
mtaneously that they had missed 
ental affection as children. This 
of themselves as unloved 
occasionally justified, but often 
minded and due to their excessive 
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needs. As children, one-half of these 
patients reacted aggressively to frus- 
trating situations, and the _ other 
half reacted submissively. This 
basic pattern appeared to be carried 
forth into adult life, in that the ag- 
gressive group tended towards being 
aggressive persons who, in effect, de- 
manded attention and love, while the 
submissive group continued in a pas- 
sive way, ingratiating and humble. 
Wittkower concludes that actual or 
imaginary loss of love preceded the on- 
set of most of the attacks of urticaria 
and suggests that the wheals represent 
unexpressed resentment over the loss 
of love. 

ACNE VULGARIS. 
psychosomatic 


Studies on the 
aspects ot acne 
vulgaris are also 
Belisario" considers that psychogenic 
factors are secondary and the result of 
the disfigurement. Androgen- estrogen 
imbalance is thought to be the prime 
etiological agent, but no consideration 
is given to the possibility of psycho- 
genic influences upon the endocrines. 

Andrews' suggests that androgen 
activity may be associated with the 
emotional problems of the pubertal 
boy or girl. 

Blackburn® states that endocrine and 
psychological functions are reciprocal 
and suggests that psychological factors 
may influence acne through the endo- 
crines. “Narcissus is a more appropriate 
emblem for the present day endocrine 
and psychological approach than is 
the parsley poultice.” 

Wittkower** studied the personalities 
of 64 patients with acne, all over 18 
years of age, and reports that his pa- 
tients revealed a high degree of frig- 
idity and sexual disturbances. These 
patients were either rigid personalities, 
rebels and dreamers, overgrown chil- 
dren or suffered from gross psycho- 
logical disorders. Inhibition of sexu- 
ality, however, was common to all. 
They were no longer pubertal, but 
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acted like pubertal children, and a “Neurodermatitis Scale,” which was 
Wittkower suggests that adult patients then apparently effective in separating 
with acne have been arrested at the out cases of neurodermatitis 


“pubertal stage of psychological devel- 
opment. 

EczeMaA. Studies to help determine 
some of the and 
“personality types” in cases of chronic 


( atopic 


etiological factors 


eczema dermatitis, neuroder- 
matitis and lichen simplex) have also 
bee n frequently noted in the literature* 

.19,23,34,41. Shaffer and Beerman** have 
14 characteristics by which 
the “rub and scratch trauma” may be 
identified 


enification 


induced lich- 
that 
prurigo 


in emotionally 


and conclude lichen 


simplex chronicus, nodularis, 
lichenification gigantea, and 

phases of the Sulzberger-Garbe 
drome are all related and represent dif 
ferent 


process 


some 
svn 
single 


stages of a pathological 


characterized by variable 
pressions of lichenification. 

Barchilon and Engel® report the case 
of a young girl whose skin eruptions 
would occur when her sexual wishes. 
which she found to be intolerable, 
breaking through 
This is 


were 
and 
indeed 


in danger of 
becoming conscious. 


reminiscent of the 


case reported by 
Saul and Bernstein®*, who apparently 
had attacks of urticaria under similar 


circumstances. 
Allerhand and his group® have tried 
to identify some of the psychological 


factors involved in  neurodermatitis 
using a quantitative, statistical ap- 
proach. For their study they selected 


neurodermatitis, 30 cases 


ot “non-psychosomatic” 


30 cases of 
dermatoses 
and 30 cases of general medical pa- 
tients. They subjected these patients 
to some aspects of the Minnesota Multi- 
phasic Test!®. Significant 
found in the neurodermatitis 
group, indicating increased restlessness, 
need for activity, impatience with 
others, dominance and brusqueness, 
and others. A 26 statements 
were then grouped and considered as 


re sponse S 
were 


series of 


in conducting 


Kepecs et al. 


chiatric 


a psy- 
on 20 cases of 
that these 

could be divided into the emotionally 
labile (two-thirds of the 
tending toward hysteria 
third of the 


compulsiveness ) 


study atopic 


dermatitis, ‘found patients 


group cases 
and the rigid 


group (one cases tending 


toward Rorschach 


examiners achieved the same results 


these patients. It 
labile 


their 


independently in 
that the 
dermatitis for 


was noted group had 


more of lives than 


did the rigid patients. There was felt 
to be, in most of the cases, a strongly 
hostile, but overly dependent, relation- 


The 


frustrated 


ship with their mothers. 


appe 


vearning tor 


major 
conflict ired to be a 
attection, es 


( Note 


this conflict is repeated in the various 


love ind 


aad of a sexual nature. how 


dermatoses!) Suppressed weeping was 


a common and prominent symptom. 


Although objective ly these patients 
were timid and shy, they were, in 
effect, seething with anger over their 
frustrations and laden with guilt be 
cause of their fury. It was felt by 


authors that itching and scratch 


ing in these patients represented intern 


these 


alized anger and self-punishment. 
Wittkower't! studied 90 
eczema and his results are 


cases ol 
similar. He 
notes that episodes of relapse or pre 
cipitation of eczema were almost al- 


ways directly due to emotionally dis 
turbing situations. These included pos 
sible threats to life, threats of 


support, blows to self-esteem. 


loss of 
sexual 
conflicts, and unexpressed anger. Com 
man to all was the threat to the person : 
x both. As 


patients were 


security, internal, external 


children, his shy anc 


tew 


although a 
sated by becoming bold and aggressive 
There 
deprivation and overprotection. 
usually the 


anxious, over-compen 


was a childhood background o 
The 


were eldest or the onl 


an 
SS1V¢ 
nd 
The 


] 
on! 


st. ading 
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child and had strong mother fixations. 
They made poor social and sexual ad- 
justments 

Herpes Simpcex. Recurrent herpes 
simplex has also been investigated psy- 
chologically®. The common cold sore, 
occurring in over 75% of the population, 
is known to be associated with a virus 
and most cases will reveal the so-called 
Haring factor.” However, a_ small 
found without ap- 
Ten patients were ex- 
imined psychiatric lly and all were 
found to be basically very immature, 
depende nt 


number Way be 


pi irent cause. 


suggestible people, who 
were over-reactive to small stimuli. 
They were all very sweet, good and 
kind, and as mentioned previously 

connection with other 
entities 


dematologic 
could not express sadistic 
feelings 

Skin Symptoms in Psychiatric Dis- 
Zaidens 
point out that as a result of var- 


turbances. 


functions, the 
in is frequently the target of many 
sychopathological | mechanisms. It 
“acting out of con- 


psychodynamic 


may be used tor 
icts.” It mav attract and repel. The 
rotic stimulation of itching and 


ratching is obvious and thus is often 


ed as a substitute for masturbation. 
he skin is also often the target in 
ilt-ridden mutilate 
emselves in an orgy of self-punish- 
nt. 

Although in psychosomatic der- 
itoses conflictual material is often 
lose to the surface,” 


patients who 


this must -not 
construed as meaning that psycho- 
rapy is hence relatively easy. On 
contrary, because the skin disorder 
y serve such a good neurotic pur- 
e and protects the patient so well 
n facing his problems, treatment 

often be very difficult. Zaidens 
eves that all patients with long- 
“idiopathic” dermatoses de- 


se ve psychiatric investigation. 
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Some skin disorders are, of course, 
obviously Frequently, 
some cases of dermatologic hypochon- 
driasis are, in fact, latent schizophre- 
nics**, and dermatitis artefacta occurs 
in hysterics and schizophrenics. 

AcAROPHOBIA. Patients revealing this 
morbid dread and fear of infestation 
often have delusions of persecution. 
Bits of dirt, blood and debrided skin 
are triumphi intly presented to the doc- 
tor as “evidence of the bugs.” Most 
episodes follow personal transgressions 
of various types. Most cases tend to 
occur in middle-aged females, essen- 
tially paranoids whose symptoms are 
channelized about the skin. Treatment 
is difficult. They must be placate od and 
tolerated. So-called “Insight” psycho- 
therapy is usually unsuccessful. Mild 
topical antipruritic antiseptics are of 
course indicated as a protection against 
the ravages of nails, tweezers and pins. 

Neurotic Excoriation. All of us 
will occasionally remove an unsightly 
furuncle. However, in its extreme 
form, the need to remove all bumps 
and follicles in the skin is another 
manifestation of psychological distress. 
The skin is desperately explored and 
all blemishes attacked with mounting 
tension, until the acts are accomplish- 
ed; this being followed by a great 
sense of relief. Often the hacking and 
squeezing results in unsightly scars 
and secondary infection. These patients 
are actually exhibiting compulsive be- 
havior and are all obsessive personali- 
ties. The prognosis is considered to 
be better when there are associated 
symptoms in addition to the above, 
and these patients occasionally respond 
to intensive analytic psychotherapy. 

TRICHOTILLOMANTA. Hair pulling to 
the extent of denuding patches of 
skin is not infrequently seen. The psy- 
chological meaning and prognosis is 
considered to be quite different in 

various sites of the body. Hair pulled 
from the scalp is said to represent a 


psychogenic. 
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frenzied attempt to “get out of an un- 
bearable situation.” This tends to occur 
in dependent, inadequate women who 
are essentially schizoid, and the prog- 
nosis is poor. Pulling of pubic hair is 
1 masturbatory substitute and usually 
subsides promptly as the psychological 
conflicts worked out. 
VULVAE”® 42,43, 


are 
PRURITIS In the ab- 
sence of organic etiology such as fun- 
gus infestations, vulvar itching and 
scratching connotes sexual distress in 
one form or other. Often, repugnance 
to the idea of having intercourse is 
noted. Other patients are found to be 
torn with of their desire 


to repudiate femininity, or are, in fact, 


the conftict 


punishing themselves for some real 
misconduct. 

AND? Chronic itching 

and scratching around the anal orifice 


or imaginary 
PRURITIS 


tends to occur in rigid, obsessive per 
be 
tute expression of irritation but is most 
frequently a masturbatory 
These 


sonalities. It may a substi 


seen aS 

substitute. 
be 
struggling with homosexual conflicts of 
which they 


people may on occasion 


are unaware. 

The prognosis in pruritis ani and 
vulvae is known to be poor; and yet, 
no hard and fast rules may be drawn, 


\ 


for exceptions are possible. case 


from this author's personal files is pre- 
| | 


sented 
Summary of Case: G.T. Aged 54. 
Patient was referred from G. U. clinic 
where he had told the referring phy- 
sician that for the past 10 years he 
had been receiving repeated prostatic 
massage trom various practitioners for 
pruritis ani. He reported in the psy- 
chiatric interview that the itching was 
much worse when his wife confronted 
him with her desires for intercourse, 
and when he could not comply. In 3 
interviews the patient ventilated a great 
deal of anger against his wife for 
throwing up in his face his “lack of 
manliness.” In the third interview pa 
tient reported several successful cohab 


Mi 
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itations with his wife and complete 
lack of pruritis for the first time. His 
self-esteem 


was duly noted 


by the therapist. The case terminated 


rose and 
at 6-month inter- 
vals, the patient telephoned the thera- 
pist and confirmed continued improve 
ment. Needless to 
possible unconscious homosexual prob- 
the 
therapist, who has remained pleased 


and on 2 occasions, 


say, this patient's 


lems were not focused upon by 
and bewildered at the apparent contin- 
uing improvement in the patient. Sim- 
ilar results in patients with this ailment 
are not very common. 

Recent Research. Some of the recent 
clinical have already 
been noted in passing and will not be 
repeated. Mackenna and Macalpine** 
have suggested additional basic areas 
ot 
methodology may prove to be fruitful 

Kepecs*' with 
cantharides in 24 patients. He was able 
to show that with the patients in a 


investigations 


research in which psychological 


has raised blisters 


hypnotic state, there was a sharp ris 
in the blister fluid level associated with 
induced crving. This was found to be 
the case both in normal skins and in 
patients with dermatitis. In 


emotionally tense subjects, suggestions 


atopic 


to relax were followed by a sharp drop 
in the rate of exudation. The rises in 
the fluid level associated with crving 
were found to be much reduced afte: 
These observation 
mean that the edema of the ski: 


be 


sociated with emotional changes. 


an abreaction 
may 
seen in many dermatoses may as 
tha 
neurodermatitis patients tend to shor 
marked signs of repressed hostilit 
Certainly, this valuable diagnostic to 
in good hands, will find more use 


of the 


Rorschach  studies”® indicate 


investigations psychosomat 

dermatoses. 
Photoelectric mechanici| 

plethysmographic findings'* have been 


correlated with analytical observatior 
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and this combined method should re- 
veal much interesting material. 
Treatment. Psychiatric treatment in 
indicated cases has briefly been men- 
tioned several times elsewhere in this 
report. A few added comments are here 
appended All methods of psychiatric 
therapies have had trials and varying 
degrees of success in different hands. 
Wittkower*® treated 74 patients with 
a brief, analytically oriented psycho- 
patients had 
vulvae or. ani, 


either 
eczema or 
rosacea. The first 3 conditions have al- 
ready been noted in this report, but 
rosacea requires a brief note. Patients 
with this malady** tend to be extremely 
shy. They feel unworthy and inferior 
and have a strong sense of guilt. The 


therapy These 


pruritis 


illness may in fact be regarded as a 
permanent blushing. Thus they have 
the urge to confess and a need of pun- 
ishment. If the patient, through 
therapy, is able to define and verbalize 
his guilt, the rosacea will be found to 
subside promptly. 

Of the 60 patients who responded 
favorably to Wittkower’s treatment, 
rosacea responded the best and pruritis 
ini the worst. The same author in an- 
other publication*' reports that 29 out 
of 34 patients with eczema also im- 
proved under the same type of therapy. 

Cormia investigating 137 pa- 
tients referred by the dermatologist for 
sychiatric consultation, reports, inter- 
stingly enough, a surprisingly low 
ncidence of Negro patients. Anogenital 
pruritis was found to be the most com- 
non cause of referral. Lichen vidal and 
ieurotic excoriations followed in that 
rder. This author obtained improve- 
nent in 75% of his cases using the 
bove-mentioned brief therapy. How- 
ver, the author notes that no cure 

as obtained in patients with general 
ruritis, lichen vidal, phobic manifes- 


tations or dermatitis factitia. 

Shorvon®® has found that using 
supportive techniques and 
drugs to facilitate abreactions, results 
in at least as high a percentage of pa- 
tients improved as with the more in- 
tensive therapies. 

Macalpine** notes certain special fea- 
tures in the therapeutic relationship 
and states that rage responses play a 


simple 


-big role in his skin patients undergoing 


psychotherapy. This tends to corrobo- 
rate the findings in other investiga- 
tions", 

The use of hypnosis and suggestion 
have often achieved dramatic results. 
The value of suggestive therapy in 
the treatment of warts™-?° is well known 
and will not be repeated here. How- 
ever, the fact that hypnosis may be 
used successfully in the treatment of 
congenital ichthyosis is very startling, 
and suggests that organic illnesses may 
be influenced by psychological treat- 
ment. It is suggested that interested 
readers will find Mason’s account*® of 
his case extremely fascinating. 

Thus, it is seen that many methods 
have been found to be efficacious. The 
dermatologist may find simple, reas- 
suring supportive therapy to be quite 
valuable. More distressed patients will 
be referred to the psychiatrist to be 
evaluated for psychotherapy. A few 
startling cures by hypnosis are found. 
However, all are agreed that both 
disciplines should and must collaborate. 
Neither psyche nor soma should be 
ignored; the patient is regarded as a 
psychosomatic unit. 

Psychiatrist and dermatologist, work- 
ing together in a well designed clinical 
and basic investigation, will do much 
to accelerate our acquisition of knowl- 
edge regarding the skin in sickness 
and health. 
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The Relation of Muscle Action Po- 
tentials Produced in Various Ways to 
Breakdown in Ergographic Work in 
Ego Oriented Subjects. SHerwin J. 
Kiern, Ph.D. (Aero-med. Equip. Lab., 
Phila. Naval Base). The object was 
to determine whether muscle action 
potentials (MAP) produced on the 
one hand by rates of lift and on the 
other by experimentally induced suc- 
cess or failure, have the same relation- 
ship to breakdown in finger ergo- 
graphic work. Breakdown appears 
when the working muscle is kept par- 
tially contracted during the relaxation 
period between individual excursions 
in ergograpkic work. In a factorially 
designed experiment, 120 male college 
students were randomly divided into 4 
groups. Half were told they had fail- 
ed and half that they had succeeded 
in an initial phase of the experiment. 
In a second bisection, based on rate 
f lift, half worked at a moderate rate 
nd half at a faster rate. In the initial 
hase the subject lifted a 2200 gm. 
veight, 16 times (at his assigned rate), 
o a reference line 77 mm. from the 

ise. He was then told he had suc- 
eeded or failed. He rested for 6 min- 
tes and then worked to exhaustion. 

[AP’s from the m. flexor digitorum 
iblimis of the right forearm were 

corded throughout. Bi-polar surface 

ectrodes were used. 

Analyses of variance of the data 

owed: (1) Significantly greater 

AP’s (in microvolts) for “failures” 
curing rest, “failures” and faster rate 


Trade Mark 


workers during final work; (2) Sig- 
nificantly greater breakdown (in mm. ) 
for “failures” during final work. 

Treatment by second order partial 
correlations (within groups) showed 
that: (1) Correlations between break- 
down in final work and MAP’s during 
rest, were positive in all 4 groups (com- 
bined pz 0.01); (2) The 4 correla- 
tions between MAP in final work and 
breakdown were also positive (com- 
bined p 20.05). The hypothesis is 
confirmed that muscle action potentials, 
no matter how produced, have the 
same relationship to breakdown in 
work. These findings hold for MAP’s 
during, as well as those preceding the 
work. 

Pharmacologic Actions of 1,4-bis 
(1,4-benzodioxan-2-ylmethyl) pipera- 
zine (McN-181, Dibozane*®), a New 
Adrenergic Blocking Agent. J. F. 
O'Leary, Ph.D. (Department of 
Pharmacology, Division of Medical Sci- 
ences, McNeil Laboratories, Inc., 
Philadelphia). McN-181, while re- 
sembling 933F in chemical structure 
and ability to antagonize injected 
epinephrine in animals, shows in addi- 
tion the property of antagonizing re- 
flex and direct stimulation of the sym- 
pathetic nervous system. In dogs 
anesthetized with chloralose, intraven- 
ous doses as small as 0.1 mg./kg. lower 
mean blood pressure by 10 to 20%; 
doses of 1.2 to 2.4 mg./kg. lower it 
40 to 65%. Neither 933F nor Dibena- 
mine show comparable hypotensive 
effects. 
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Although McN-181 and 933 
approximately equipotent in antagon- 
izing the pre ssor effects of e pine phrine, 


are 


MecN-181 is 5 to 20 times more effec- 
tive in antagonizing the pressor re- 
sponse to carotid occlusion, and at 
least 4 times as effective in antagon- 


izing the pressor response to splanch- 
nic stimulation. 

Doses otf 0.3 
cause 
in anesthetized dogs despite the con- 
the heart rate 
then slowly returns to a level slightly 
higher than the although the 


vasode pressor effect is prolonged. 


mg./kg. and larger of 
a transient bradycardia 


comitant hypotension; 
control 
In chloralose-anesthetized dogs, in- 


3 times the effec 
intravenous dose are required to 


traduodenal doses of 
tive 
depress the carotid occlusion response; 
the comparable dose of 933F is at least 
10 times as great. Orally administered 
doses of 0.5 to 1.0 mg./kg. of McN-181 
produce epinephrine reversal lasting at 
least 7 hours. 

McN-181 is able to block the inhib- 
itory effects of epinephrine on the iso- 
lated rabbit intestine at a concentra- 
tion of 1 : 1,600,000; this concentration 
has no effect on tone, contractility, or 
rhythmicity of the intestine 
to other drugs. 

Anesthetized dogs survive 
ot McN-181 


respir atory 


nor on the 
response 
10 mg./kg. 
intravenously and die of 
paralysis after 50 to 60 
¢. Intravenous doses below 10 
mg./kg. cause unanesthetized dogs to 
show relaxation of the nictitating mem- 
brane; after higher doses, salivation, 
muscular weakness and respiratory dif- 
ficulty occur. The lethal doses of McN- 
181 in rabbits and mice are higher 
than those of 933F. 

Isotopic Study of the Metabolism 
of Cytochrome C in vitro. JuLtan B. 
Marsu, M.D., and Davi L. Drasxin, 
M.D. (Dept. of Physiol. Chem., Grad. 
School of Med., Univ. of Penna.). The 
incorporation of C'* from glycine-2- 
C** into total tissue proteins and cyto- 


mg./kg. 
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has been studied in several 
tissues in vitro. After incubation of 
tissue slices for 4 hours in phosphate- 
saline buffer containing 0.01 M glycine 
(having a specific activity of 0.2 me, 
mM), the following specific activities 


chrome 


(in cpm/m4g. ) of the tissue ag ins 
were obtained: liver, 33.1; kidney, 47.0; 
diaphragm, 9.7. At the same time. the 
isolated cytochrome c had the follow- 
ing specific activities: liver, 694; kid- 
ney, 839; diaphragm, 257. The cyto- 


> had, therefore, approxim: ately 
the specific activity of the 
tissue proteins 


chrome ¢ 
20 times 
average 
These experiments provide further evi- 
can be 


nonspecific 


dence that cytochrome c syn- 
thesized independently in each tissue 
The rel- 
incorporation of labeled 
of dia 
comparison 


trom amino acid precursors. 


atively low 
cytochrome c 
heart) in 


into the 
(and 


glycine 
phragm 
with kidney 
a slower turnover rate of cytochrome c 

. poor uptake of glycine by the thao 


the of both 


and liver may — 


in vitro, or influence 
factors. 

When rats were injected with equal 
glycine-2-C!* and the tis- 
sues removed and 48 hours later, 
the following respective 


amounts of 


average spe 


cific activities of the isolated cyto 
chrome c were obtained: liver, 606 and 
311; kidney, 317 and 351; heart, 66 


and 90. These specific activities were 
likewise approximately 20 times great 
er than the corresponding values for 
the total tissue proteins 
except for the heart where the ratic 
was approximately 9 to 1. 


nonspecific 


The present experiments, togethe 
with the previous observations 0! 
Drabkin (Proc. Soc. Exp. Biol. & Med 


76, 527, 1951), suggest that cytochrom 
c undergoes a rapid turnover in th 
body. An alternative explanation fe 
the high rate of isotope incorporatic 
might be that the intracellular cyt 
chrome c is exposed to an unusual! 
large local pool of glycine in compar: 
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ison with most of the other proteins. 
However, at least in the case of the 
liver in vivo, the rapid decline in 
specific activity on the second day in- 
dicates a very rapid turnover rate of 
cytochrome c. Further experiments are 
planned in which the rate of decline of 
the specific activity of cytochrome c 
in various tissues will be measured in 
order to afford a more accurate esti- 
mate of the turnover rate of this 
( hromoprotein. 

Extension of the Paper Electropho- 
resis Technique to the Measurement of 


Electrophoretic Mobility. Davin L. 
DraBKIN, M.D., Jutian B. Marsn, 
M.D and ELtzaABETH ‘THOROGOOD, 


M.Sc. (Dept. of Physiol. Chem., 
Grad. School of Med., Univ. of Penna. ) 
The electrophoretic chamber is of the 
closed box type (built to our specifi- 
Biophysical Instruments, 
Inc., Phila.), accommodating 1100 cc. 
of buffer solution (550 cc. at each 
platinum electrode end), 2300 cc. of 
space, and an adjustable rack for 
the horizontal suspension of several 
strips of filter paper, each 30.5 cm. 
long, with 28 cm. not immersed in 
buffer. The external sources of po- 
tential are electronic voltage regulated 
pplies, allowing regulation to within 
% in 3 ranges up to 500 volts d.c. 
\lilliammeters are used in the circuits 
to furnish a reflection of the steadiness 
of conditions during the run. Concen- 
trated solutions of crystalline hemo- 
globin (and solutions of other chromo- 
proteins, myoglobin, cytochrome c and 
“leghemoglobins” ) were especially’val- 
ucble in the systematic study of fac- 
tors which affect the movement of 
protein applied to the paper, since the 
placement of the protein from the 
points of application could be fol- 
loved directly (without staining) and 
m: asured against a cm. scale, engraved 
on lucite. 
teady current maintenance (of the 
or‘er of 0.4 mA per cm. width of 


cations by 


l to 2 


Whatman No. | paper, at 250 V.) was 
obtained only with the chamber equili- 
brated in a small electric refrigerator, 
kept at 5°C. Under these conditions 
heating of the paper was presumably 
held to a tolerable low value, and the 
paper was in moisture equilibrium 
with the air space saturated with 
moisture. 

Three main factors in the net move- 
ment of applied protein were evalu- 
ated, (1) capillarity, c, operating 
both ends toward the center of the 
strip, (2) electroosmosis, e, owing to 
electrical double layer and operating 
unidirectionally from anode to cathode, 
and (3) true electrophoretic migra- 
tion, m, of the protein, the direction 
of which toward anode or cathode 
is dependent on the sign of the charge 
on the particular protein at the pH 
of the buffer used. 

To avoid excessive operation of the 
capillarity factor, the strips were equili- 
brated for 1 hour in the chamber be- 
tore application of the protein and po- 
tential. The protein was applied to 
the strips at pre-marked locations, at 
the center and at the anode and cath- 
ode ends, 6.3 cm. equidistant from the 
center. In the case of protein behaving 
as anion, displacement at the cathode 
end c+ M—e, whereas at the 
anode end the displacement 
e. The difference in displacement at 
the 2 ends = 2m — 2e. This quantity, in 
the case of crystalline hemoglobin, 
proved to be directly proportional both 
to the magnitude and the duration of 
the applied potential. When appro- 
priate corrections were made for e, 
the experimental data yielded values 
for electrophoretic mobility, » (in cm? 
volt"'sec"!_ units), for hemoglobin and 


c—m+ 


crystalline bovine serum albumin in 
reasonable agreement with those de- 
termined by the classical electropho- 
retic methods. 


BOOK REVIEWS 


VirAMins. A Dicest oF CURRENT KNOWL- 
EDGE. By LeEsuie J. Harris, Sc.D., D. Sc., 
Pu.D., F.R.L.C., Director, Dunn Nutritional 
Laboratory, Cambridge, England. Pp. 244; 
84 ills. London: J. & A. Churchill, Ltd., 
1951 (John deGraff, Inc., New York, Amer- 
Agents). Price, $3.75. 
FRoM his broad experience in the field and 
a wide survey of the published material 
dealing with vitamins, the author pre- 
pared a brief presentation of the sources, 
synthesis, actions and of these sub- 
stances in human and animal nutrition. The 
aided by the large number of 
hgures illustrations as well formulae 
of their 
Extensive bibliographic references 
vided for additional reading in any selected 
topic The of the 
National in the 
United text. 


ican 


has 
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reader 1S 
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reactions. 
pro- 


vitamins, precursors and 


are 
recommended allowances 

Research Council, 
States, not listed 


used 


are in the 


Diz ZEREBRALE ANGIOGRAPHIE. By H. Kray- 
ENBUHL and H. R. Ricurer, Professor of 
Neurosurgery and Assistant in Neurosur- 
gery respectively, University of Zurich. Pp. 
217; 219 ills. Stuttgart, Germany: Georg 
Thieme Verlag, 1952. (Grune & Stratton, 
New York, Agents for U. S.). Price, DM 
99.70. 

Tuts book 


1S 


written in German and the 
material divided into 12 The 
techniques of percutaneous and open methods 
of cerebral angiography are clearly described. 

The normal anatomy of the cerebral and 
cerebellar arterial and venous circulation 
beautifully presented by clear angiograms 
and schematic drawings. There are short 
chapters on the physiology of the cerebral 
circulation, the indications and contraindica- 
tions of angiography, congenital and ac- 
quired of the intracranial vessels. 
The classical arterial and venous patterns 
produced by space-taking lesions in the 
lobes of the brain are outlined as 
well as the characteristic angiographic pat- 
terns of glioma, astrocytoma, meningioma, 
metastatic tumor and abscess and granuloma. 
The angiographic findings in traumatic intra- 
cranial hemorrhage and hydrocephalus con- 
clude the first part (one third of the book). 

The remaining two-thirds is labelled: 
Chapter XI, An Atlas of Cerebral Angiog- 
raphy. This is really a book within a book. 
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chapters. 


is 


disease 


various 
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Here the authors have beautifully illustrated 
cerebral discussed in previous 
chapters by a triad composed of a short case 
history, pattern and 
schematic drawing 

This work cannot be praised too highly 


eac h lesion 


classical angiographic 


The publisher has succeeded in presenting 


and 
trans 


the material attractively, easy to read 
An English 
received 


with superb illustrations. 
lation would be eagerly 
country. 


in 
M. S. 


GLOMERULOSCLEROSIS. THE SPECIFI 
DISEASE DiABeTes MELLItTus. By 
Rirkin, M.D., Lecturer Medi 
cine, Louts Lerrer, M.D., Pxu.D., Clinica 
Professor of Medicine, and JAMES BERKMAN 
M.D., Instructor in Pathology, College o 
Physicians and Surgeons, Columbia Univer 
sity. Pp. 102; 13 ills. Springfield, Illinois 
Charles C Thomas, 1952. Price, $3.50 

Tus presentation furnishes the reader witl 
a clear understanding of the clinical aspects 
pathology of entity 
which with 
frequency as one of the most disastrous con 


DIABETK 
RENAI 
HAROLD 


OF 


in 


and management 


has been recognized 


this 


increasing 


plications of diabetes mellitus. Material for 


the text is derived from the study of 44 pa 
tients of which 21 to autopsy; repr 
sentative reports are analysed 
these groups with statistical correlations 
the clinical and pathological findings. 1 
work will 
cian, internist and diabetic specialist in tl 


came 


case fror 


Serve 


important phase of diabetes C2 
EDWARD 


LEF ANU. 
B. 


A BIO-BIBLIOGRAPHY OF 
1749-1823. By W. R. 
illustrated. Philadelphia: J. 
1952. Price, $16.00. 

Tuts bio-bibliography of Edward Jem 
is an extremely careful and complete rec 
of the writings of the introdu 
of vaccination as a preventive of one of t 
worst scourges of the human It w 
remain of permanent value to future me 
writers and librarians. It includes s1 
evidences of painstaking scholarship 
survey of all the editions and translations 
the Cow-pox Inquiry together with a | 
series of explanatory works on vaccination, 
well as many previously unrecorded lett 
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rom and to Jenner, and also his minor work, 
uch of which is now forgotten. 

In addition to this aspect, however, are 
eFanu’s observations and comments—often 
nning to several pages—which conclusively 
monstrate Jenner's wide range of biological 
terests and knowledge—comparable to that 
his admired master, John Hunter. Observa- 
Hibernation, the Free Martin, the 
ick raising habits of the cuckoo, and _ sev- 
il others will serve as examples. More im- 
rtant to 
n of coronary sclerosis with angina pectoris 


ms on 


medical men is Jenner’s associa- 


a letter to Caleb Parry, which was _ in- 
ded by Parry in his “Syncope Anginosa” 
799 ind also his “Remarks on a_ Dis- 
se of the Heart following Acute Rheuma- 


n illustrated by 
the I leece 


nfortunately has 


Dissections”, a report 
Inn) Medical Society, which 
been lost. We may sur- 
se, however, that this was not without in- 
ence on the active development of this 
blem in the ensuing 20 years. 

these 
picture of 
rted, modest 


ne; and 


observations and annotations, 
Jenner emerges as a good- 
calm yet active, able prac- 


From 


investigator, none too eager al- 


ways to put his results into print, yet forced 


the rapid success of vaccination to spend 
rs of labor upholding this great boon to 
ering mankind against detractors such as 
Creighton and Crookshank. 
efforts of these two to minimize the 
tance of Jenner’s contribution are but 
ther example of the futility of attempt- 
to distribute credit between the original 


“atrabilious” 


rver and him who so presented the 
er that it was rapidly adopted by the 
world at large. Harvey and his predeces- 


on the circulation of the blood, Morton 
Long on anesthesia, are but two of many 
neces that come to mind. 
work of Jenner’s bio-bibliographer de- 
nothing but praise, as does that of 
publishers and printers. The numerous 


reproductions of title pages and manuscripts 
are of especial interest. 


\N INTRODUCTION TO MEDICAL SCIENCE. By 
Witt1AM Boyp, University of British Co- 
lumbia. 4th ed. Pp. 304; 127 ills., including 
3 colored plates. Philadelphia: Lea & Feb- 
iger 1952. Price, $4.50. 

s little book is an introduction to medi- 
ine. the diseases with which it is concerned, 
the body upon which they (the diseases) act 
ind some general remarks about what may 
be cone to cause the body to resist or re- 
cove. The book is intended for all those 


who must associate with doctors and their 
profession, that ever growing segment of 
the population, the nurses, technicians, photo- 
graphers, social service workers, dieticians, 
medical secretaries and scores of others who 
man the ancillary departments of hospitals, 
sanitaria, clinics and doctors’ offices. A thor- 
ough textbook of pathology is a fundamental 
requisite for the medical student. This book 
serves the same purpose for the physician’s 
assistant who has the commendable desire 
to understand what he is doing. There are 
other “compends” upon the market but most 
of these defeat their purpose because their 
deadly style makes them well nigh unread- 
able by those for whom they are intended. 
Not so Doctor Boyd’s little book. It is writ- 
ten with the same charm and imagination 
that characterizes his larger texts. If the strict 
truth is occasionally sacrificed for the sake 
of brevity it probably will do less harm than 
good since it is better to have an assistant 
with some kind of idea what he is talking 
about than one stumbling along in com- 
plete ignorance. E. A. 


THe Knee AND RELATED StRucTuREs. By 

Pure Lewin, M.D., Professor and Chair- 
man of the Department of Bone and Joint 
Surgery, Northwestern Medical School. Pp. 
871: 333 ills. Philadelphia: Lea & Fe- 
biger, 1952. Price, $16.00. 

THe author, so well known for his pre- 
vious text on the foot and ankle, has come up 
with a comprehensive text relevant to the 
knee and its associated structures. The style 
is typical Lewin. Aphorisms abound and, for 
the student, the fundamental soundness adds 
considerably to the text. The aspect of bone 
and _ joint well handled although 
few of the illustrations are original. In addi- 
tion extra orthopedic considerations are in- 
cluded as circulatory disturbances of the knee 
in addition to metabolic, endocrine and neo- 
plasms involving the knee. In all, this is a 
good text and is certainly recommended for 
students, surgeons and orthopedists. 


A. S. 


lesions is 


SEx AFTER Forty. By S. A. Lewin, M.D., 
and Grimore, Px.D. Pd. 200; illus- 
trated. New York: Medical Research Press, 
1952. Price, $3.50. 

In this volume the authors have combined 
information about sexual anatomy, sexual 
physiology, and sexual psychology for the 
person after the age of forty. These discus- 
sions are enhanced by twenty-three illustra- 
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They also list national and local or- 
ganizations interested in helping with 


tions 


and 


marriage and family relationships. A few 
case histories are given and there is a gloss- 
iry of technical terms. The tone of the book 


over and above the factual information is in- 
spirational optimistic; it should prov 
The advice if fol 
lowed could greatly improve marital happi 
ness and adjustment. One gains the impres- 


and 


helpful to many readers. 


sion from the book that sexual difficulties 
ifter forty are due in large part to the 
climacteric and the decline in sexual endo- 


crine activity when, in reality, many of the 
problems have been gradually building up 
in the preceding twenty or twenty-five years 
of marriage. This is, perhaps, a minor point 


nd does not detract from the fact that the 


book has valuable advice to give and can 

be recommended by physicians 0. E 
THE TREATMENT OF INJURIES TO THI 
Nervous SysteM. By Munro, 


M.D., Surgeon-In-Chief Department of 
Neurosurgery, The Boston City Hospital. 
Pp. 284; 47 ills. Philadelphia: W. B. Saund- 
ers Company, 1952. Price, $7.50 

luis book is “mainly for the general sur- 
geon and practitioner”. The author is nation- 
illy known and particularly for the develop- 
ment of tidal drainags prevention of 
genito-urinary complications following spinal 
trauma. 


and 


cord 

rhe material is in ten chapters. Five are on 
the diagnosis and treatment of injury to the 
brain, cranial nerves, spinal roots, peripheral 
nerves and nervous One 
is on the effect of spinal anesthesia on the 
central system and 
surgical procedures. There is 
rehabilitation and 


autonomic system. 


nervous another is on 
a chapter on 
a special section on “the 
cost of medical care in paraplegics and how 
it may be modified by rehabilitation 
A final chapter describes the author’s 
requirements for fulfilling true rehabilitation 
of the injured. 

The minor omissions are: 


serv- 


1ces 


Advice concern- 
ing the proper time for x-raying the head 
following injury; the value of pineal shift 
jn dagnosing space-taking hemorrhages; and 
the syndrome of fat emboli to the brain is 
not mentioned. The chapter on operations 
would be helpful to the general sur- 
geon if the position of the patient and scalp 
incisions were illustrated. 

This book should be required reading for 
the student, practitioner and specialist in- 
terested in cranio-spinal trauma. M. S. 


more 
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AND NOTICES 

SkIN THERAPEUTICS. By M. K. PoLANo, M.D 
Dept. of Dermatology, Municipal Hospital 
The Hague, (Netherlands). Pp. 276. New 


York and Houston: Elsevier Publishing Co 
1952. Price, $6.50 
Ir is not often that one picks up a new 


and previously unpublished medic al text anc 
finds that it review of 
its contents by 


contains an excellent 
1 physician prominent in the 
but in this book, the reviev 
by Livingood, Professor of Dermatology of 
The University of Texas, leaves little for the 
add. As pointed out b 
Livingood, “the general principles of topic 

the details re 
garding individual preparation, are presented 
authoritative 
Thus, the general practitioner, dermatologist 
and should find this a helpful 
reference book to improve the art of pre 
scribing as well as compounding formulas for 
use in treating diseases of the skin. In su 
author discusses general 


same specialty 


present reviewer to 


therapy, as well as minute 


and discussed in an manner.” 


pharmacist 


cessive chapte rs the 
considerations on dermatotherapeutics, th 


basic materials and their uses, specific drugs 


the selection of ointment bases and the ef 
fect of drugs on the skin in relation to tl 
base. Tables following the above chapters 


compare the difference in nomenclature of 
the pharmacopoeias of eleven different cou 


tries and give the Latin and other synonyms 


of each official American preparation. Cx 
siderable investigative work carried out by 
the author is contained in the text. As the 


author has pointed out, the book should pr 
mote a better international understanding 
matters of dermatotherapeutics C. W 


CONNECTIVE TISSUES, TRANSACTIONS 
Tuirp ConFERENCE, Fespruary 14-15, 1952 
Edited by CuHartes RAGAN, M.D., Associat 
Professor of Medicine, College of Physici ns 
and Surgeons, Columbia University. Pp. 166 
50 ills. New York: Josiah Macy, Jr. Four 
dation, 1952. Price, $3.50 


OF THI 


a verbatim record of a free dis« 
sion by 15 experts in various clinical and b 
disciplines the growing 
fringe of knowledge in the investigation 0! 
connective The object of the « 


THis is 
which comprise 


tissues. 


ference is to bring about a mutual exchang 
of ideas between fields of research whicl 
though aiming at a common goal, might 
otherwise proceed in relatively isolated d 
rections. 

The discussions are grouped under the 
headings of “Connective Tissue Staini g 


“The Fine Structure of Connective Tissucs 
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o, M.D 
Lospital 
6. New 


ing Co 


new 
text am 
‘view O 
t in the 

revie\ 


logs 


for th 

out b 
t topi 
tails re 
resent 


nanner! 


iatologist 


helpf 
of pr 


nulas for 


In su 
gener 
tics, th 
ic drugs 
| the ef 
n to tl 
chapter! 
lature 
nt col 
synonyl 
on. Ce 
| out 

. As tl 
ould pr 
inding 


W 


; OF TH 
15, 19 
Associ 
Physici 
. Pp. 166 
Jr. Four 


ee dis 
and b 
growil 


igatior 


al, might 


olated d 


inder 
Staining 


Tiss 


Dermatology 


BOOK REVIEWS AND NOTICES 117 


The Nature of Reticulin” and “Hypersensi- 


tivity and the Hyperadrenal State”. 


The subject matter, which is highly tech- 
al presents itself, of necessity, in an in- 
rmal manner and is lightened by anec- 
lotes, home-spun philosophy, and occasional 
ise-cracks, and, since there is no index, the 
eneral impression is that of a book of de- 
eptively light reading on a heavy subject. 
ie reader is free to enjoy reading this book 
skimming over its ponderous facts, or to 
vrestle with the facts by skimming over the 
erbiage. On the whole, we have here an 
teresting record of minds at work which 
stimulating and informative, and which, I 
hink is of real value to those who can read 
at their leisure. LL. 


ESSENTIALS OF DERMATOLOGY. By NORMAN 


fonras, M.D., Associate Clinical Professor 
f Dermatology, St. Louis University. 4th 
1. Pp. 596; 186 ills. Philadelphia: J. B. 
Lippincott Co., 1952. Price, $6.00. 
viewer, after thirty-two years’ ex- 
rience teaching undergraduate medical 
lents, is convinced that the most. satis- 
tory text for a minor specialty such as 
should be concise and empha- 


THE re 


the commoner diseases that may be seen 
ter in general practice. The author of this 
.ccording to the fly-leaf, conceived the 

1 of placing a “handy volume at the dis- 
il of general practitioners and medical 
lents, who often nave neither time nor 
lination to refer to larger dermatologic 
books”. In this he succeeded well 
the first edition and in subsequent editions 
general format and style have been re- 
d. In this fourth edition, the discussion 
the virus diseases, erythrodermas, the al- 
and collagen disorders have been ex- 
ied. An interesting addition is the plac- 
it the end of each chapter a discussion 
he nursing requirements to emphasize for 
practitioner and medical student the im- 
ince of the nursing approach. .The author 
ilso added a new chapter entitled, “Erup- 
of The Hands”. The grouping of the 
us diseases, wherever possible accord- 
etiology and otherwise according to 
leading clinical manifestation, is for the 
part well done, although from the 
lpoint of teaching, such dermatoses as 
iasis, Lichen Planus and Pityriasis Rosea, 
ld better be classified under a_para- 
heading, such as Erythemato-Papulo- 
mous, rather being scattered 
gh the book. The majority of the illus- 
ns are black and white, and as so often 


rence 


happens, a number of them are unrecogniz- 
able as the disease named beneath. For ex- 
ample, the figure for erythema multiforme 
could be almost anything and is certainly 
of no value to the medical student. How- 
ever, the shortcomings are few, and the re- 
viewer has found that for undergraduate 
medical school teaching the text is quite 
satisfactory. C. W. 


TEXTBOOK OF PATHOLOGY. By E. T. BELL, 
M.D., University of Minnesota. 7th ed. Pp. 
1008; 529 ills. and 5 plates in color. Phila- 
delphia: Lea & Febiger, 1952. Price, $12.00. 
Tus revision, five years after the publi- 

cation of the sixth edition, contains about 

100 more pages and 25 more illustrations. 

Recent medical advances are covered so that 

the book continues to be a good standard 

text. The order of presentation and the classi- 
fications remain pretty much the same _ so 
that some of the younger pathologists may 
consider this work a bit old-fashioned. 

E. A. 


MANUAL OF GyNEecoLocy. By E. STEWART 
Taytor, M.D., Professor and Head of the 
Department of Obstetrics and Gynecology, 
University of Colorado Medical School. 
Pp. 204; 70. ills. Philadelphia: Lea & 
Febiger, 1952. Price, $4.50. 

A Manvat of Gynecology was prepared 
to provide a basic text of gynecology which 
could be utilized by the medical student as 
he studies patients and by the family doctor 
as he is required to treat various gynecologic 
conditions. The material is divided into sec- 
tions which include history taking, physical 
examination, special tests such as biopsy and 
vaginal smears, physiology and endocrinology 
and congenital anomalies as well as the com- 
mon disorders of the pelvic structures. In 
general the diseases found in each portion of 
the genital tract (vulva, vagina, etc.) are 
discussed as a unit. 

Emphasis is placed on recognition of the 
specific abnormal process and its differentia- 
tion from other similar disorders. Treatment 
methods are usually clearly presented and are 
those which have proved to be effective in 
the experience of the author. In general they 
are methods which may be utilized by the 
family doctor. The indications for various 
operative procedures are presented if surgical 
therapy may be utilized and the reasons for 
refraining from operation also are considered. 
No operative technique is included. The illus- 
trations are clearly reproduced and for the 
most part represent gross pathologic changes. 


| 
| 
the 
excl 
wil 
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At times the 
treatment are 


specific recommendations for 


inadequate; for instance no 
of pe nicillin is given for the treatment 
ot pelvic disease although the 
One of the 
ous Omissions which might well be 


in tuture 


dosagt 
inflammatory 
drug is recommended conspicu 
luded 

muscle 
certain pelvic relaxations. De- 
book should 
add t ind effectiveness with which 
the practitioner 
treat gynecologic 
the 


teachers of ology 


editions is the 


program of 
exercises 

spite these minor criticisms the 
the ease 
and 
is recom 


general can diagnose 


The 


family doctor 


disorders text 
medical stu 


J. W. 


mended for 


dents and 


(JYNECOLOGIC AND OBSTETRIC PATHOLOGY 
M.D., Assistant 


Cvne cology, 


3rd d. 


By 
Protessor 
Johns Hopkins 
Pp. 595; 650 ills., 19 


Nov AK. 
Emeritus of 


Emm 


University 


in color. Philadelphia: W. S. Saunders Co 
1952. Price, $10.00 

ALTHOUGH _ the gross and mi roscopic 
changes in pelvic disease are usually ade 


textbooks of 
etiologic 
and the relationship of 
ind thei 


quately presented in 
pathology, the 
for the le Sit 
pe lvic 


gene ral 
factors re sponsible 
the 
diseases to other 
generally less well discussed 
Gynecologic and Obstetric Pathol 
an individual whose main 
in clinical but 

authority on pelvic pathology 
this approach is 
edition as it 


ms 
structures 
Systems 1S 
Novak S 
ogv is written by 


interest is medicine who has 
become in 
The adv intage of evident 
In the 3rd the 


others. Each lesion is considered in the light 


has been in 


of its clinical as well as its pathologic course 
and \ lu 


treatment are 


suggestions as to diagnosis and 


included. 


The text is clearly and interestingly writ 
ten and is well illustrated with both black 
ind white and color photographs of gross 
and microscopic changes. 


This book is one of the outstanding con- 
tributions to the literature in Pathology and 
should be carefully studied by all pelvic 
surgeons. It is a bit too advanced for medi- 
cal students but should be indispensable to 
the resident in obstetrics and gynecolog ’ 

T. W. 


THE PHARMACEUTICAL CurRRICULUM. By 

Lioyp E. Biaucn, Associate Chief of Edu- 
cation in the Health Professions, Federal 
Security Agency, and Greorce L. WessTER, 
Professor of Chemistry, University of IIli- 
nois College of Pharmacy. Pp. 257. Wash- 
ington, D. C.: American Council of Educa- 
tion, 1952. Price, $2.00. 


REVIEWS 


AND NOTICES 


A REPORT prepared for the Comnuttee or 


Curriculum of the American Association of 
the College of Pharmacy with the coopera 
tion and support of the Committee on th 


survey This Is a 
the 


trends of pharmaceutical education, prepared 


Pharmaceutical compre 


hensive analysis of current patterns and 


by a professor of a pharmacy college and ar 
education expert trom the Federal Security 
Agency with the cooperation of the mem 
bers of the curriculum committee and 28 
other consultants. Information compiled by 
members of the Committee on the Pharma 
ceutical Survey served as source material 
for the book. The report reviews the teach 
ing of pharmacy in the various schools and 
colleges, makes suggestions concerning th 
improvement of the curriculum, and _ pr 
sents an analysis of the discussions whicl 


to the 
nal 


been made relatiy proposed ex 


the educati 


have 


tension of program to five 


or six vears. In the last chapter are pr 
sented fourteen conclusions made th 
authors 

The authors conclude that pharmaceutic 
education is dynamic and that its dynami 
quality must have full consideration in am 
plans that are made for the future, that cum 
riculums should include more general edu 
tion and that some ourse contents nee 
to be revised. It is suggested that a “2-4’ 
plan should be adopted as the standard ir 
the near future: that is, two vears of pre 
professional education followed by four year 
of professional courses 
NorMAL Bioop Pressuke AND) 
sion. New Derinitions. By Arruur M 
Master, M.D.. Cuarves I. Garrrecp, M.D 
and Max B. Watters, M.D. Mount Sin 
Hospital, New York. Pp. 144; 36 ills. Phil 
delphia: Lea & Febiger, 1952. Price, $4.06 
Tus is a good book. It is practical an 
carries a message. The result of a study 


blood pressure readings taken in a large nur 
industri 
throug! 


ber of civilian workers in various 
plants and military establishments 
out the United States during the vears 

World War II showed that the limits of nor 
mal blood definitely high 
than the commonly accepted ones and varit 
with age and sex. Further, a progressive i 


crease in blood pressure occurred with an it 


pressure were 


crease in weight, regardless of age or sex 
table for convenient reference is appende 
Interestingly illustrated chapters on the h 
torical developments of clinical sphygmom 
nometry are also included. The auth 
properly caution that the blood pressure rea 
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can be affected by many factors which 


ist be considered in the evaluation of any 


ition from normal. J. y 


YSIOLOGY OF THE EYE, VOLUME II: VISION. 


Sy AnTHUR Linksz, M.D., F.A.C.S. Pp. 869; 


18 ills. New York: Grune & Stratton, 1952. 
$19.00 
fue second volume of this excellent series 
the Physiology of the Eye deals with 
Che first volume concerned geometric 
| physiological optics. This volume is in 
ture style, and contains many original hy- 
heses regarding visual sensations. 
lhe book is divided into four sections, the 
dealing with the general analysis of sen- 
ond with patterned and de- 
| vision, the third with the perception 
itial relationships, and finally, vision and 


ns the SEC 


culorotary reflexes 
whole book proves to be very inter 
reading, but it would be difficult to 
i text. It is the only adequate book in 
m the psycho-physiology of vision, 


EmBryo.tocy. By W. J. HAamILton, 
of Anatomy, Univ. of London, -J. D 
Prot. of Anatomy, Univ. of Cam- 
und H. W. Mossman, Assoc. Prof 
Anatomy, Univ. of Wisconsin. 2nd ed. 
Baltimore: Williams & 
52. Price, $9.00. 
\pOPTION of a new and larger type-face 
slightly shorter page line than that 
in the- first edition can only serve to 
the popularity of this already ex- 
t description of prenatal development. 
ne new illustrations (many of them 
icrographs) have been added; among 
is that of the two-cell stage of the 
n zygote recently obtained by Drs. 
g ind Rock 
fuch textual revision has been done by 
uthors in addition to the usual changes 
iry to include citation of the principal 
h published since the date of the fifst 
n (1945). Many of the 16 chapters are 
iced by a new explanatory section; 
ive had their contents considerably 
ged. While primarily a_ textbook of 
developmental anatomy, the chapter 
iparative vertebrate embryology has 
lmost doubled: in size. However, the 
only slightly larger (by 66 pages) 
the first edition as space has been 
by careful rearrangement of the illus- 
by cropping or slight reduction of 


some figures, and by a closer positioning of 
the labels on others. N. B. 


ESSENTIALS OF INFANT FEEDING FOR Puyst- 
cIANS. By HERMAN FREDERIC MEYER, M.D. 
Pp. 252; 12 ills., 42 tables. Springfield, IIL: 
Charles C Thomas, 1952. Price, $6.75. 

Tus new text of infant feeding will answer 
a deeply felt need among the medical pro- 
fession for guidance in the maze of ways in 
which to feed infants. The subject is ap- 
proached by Dr. Meyer with unusual com- 
mon sense, beginning with a chapter review- 
ing the past fifty years’ progress in infant 
nutrition and feeding. 

Against this background, Dr. Meyer not 
only makes sense out of the numerous pro- 
prietary foods for infants in a_ particularly 
valuable chapter in which commercial brands 
of milk and milk modifications are classified 
according to structure and function, but quite 
properly points out that there are too many 
proprietary milk foods of which the wise 
physician will learn to use well one or two 
in each functional category, rather than to 
flit from one to the other to still another in 
uncritical response to the claims of promo- 
tional literature. 

There are chapters on breast feeding, on 
the psychological aspects of infant feeding 
and on “self-demand” and “rooming-in” ar- 
rangements in infant care. These matters are 
covered in an interesting, sensible manner, 
with admirable emphasis on the need for 
individualization in infant care in these as in 
all other aspects. This book is highly recom- 
mended to all physicians having infants in 


their care. V. V. 


PHYSIOLOGICAL BASES OF GYNECOLOGY AND 
Osstetrics. By S. R. M. Reynoups, M.A., 
Pu.D., D.Sc., Dr. hon. causa Staff member, 
Physiologist, Dept. of Embryology, Carnegie 
Institution of Washington. Lecturer in Ob- 
stetrics, Johns Hopkins Medical School, Bal- 
timore, Maryland. Pp. 153. Springfield, IIL: 
Charles C Thomas, 1952. Price, $5.50. 
THe contents of “Physiological Bases of 
Gynecology and Obstetrics” consist of part 
of a series of lectures given for the Facultad 
de Medicina de Montevideo, Uruguay. They 
represent the basic information derived from 
years of study of the functions of the pelvic 
and endocrine organs and are intended for 
“busy gynecologists (gynecologists and ob- 
stetricians) who lack the time to make a de- 
tailed study of the large literature on the 


| 
| 
| 
| 
| 
| | 
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subject and to read detailed monographs”. 
Che author is particularly well qualified be- 
cause of his long and intense interest in ob- 
stetric and gynecologic physiology. 

Che author’s studies of uterine growth and 
activity are reviewed and applied to clinical 
practice. Although the muscle physiology in 


both normal and abnormal labor is described 


the fundamental causal factors .in uterine 
dysfunction have not as yet been discovered. 
Che changes noted during menstruation in 
both the uterus and the Ovary are discussed 


and the endocrine regulation of blood flow 
in these structures is described. Among the 
other subjects considered are the somatic 
vascular actions of the steroid hormones, the 
endocrine effects of hysterectomy and fetal 


Although much of the material 
has been published previously the consolida- 


de Ve lopm«e nt 


tion of the basic important concepts as _ pre- 
sented here offers a concise review of the 
subject and should be of particular interest 
to research workers who wish a survey of 
what has been done and to physicians who 
would like an explanation for some of the 
changes occurring during pregnancy, men 
struation and the menopause. For the in 


dividu il who de sires only a means tor solving 
puzzling clinical problems it offers little help 


J. W. 


IN GENERAL PRACTICE. ELEC- 
TROCARDIOGRAPHY, VECTORCARDIOGRAPHY AND 
BALLISTOCARDIOGRAPHY. By ABRAHAM I 
SCHAFFER, M.D., Assistant Visiting Phy 


sician, Metropolitan City Hospital. Pp. 135; 


CARDIOGRAPHY 


55 ills. Baltimore: Williams & Wilkins Co.. 
1952. Price, $3.00. 
HE purpose of this book is to serve as an 


introduction to electrocardiography for stu- 


dents and practitioners. It is intentionally 
ibbreviated and incomplete. Most of the 
text is devoted to a brief consideration of 
various abnormal patterns. There is only 


meagre consideration of normal tracings. The 
author is enthusiastic about vector analysis 
Yet, he must realize its difficulties for after 
stating that it is the method of choice in th 
interpretation of ventricular preponderance, 
bundle branch block and myocardial injury, 
he resorts to a descriptive analysis of electro- 
patterns. limited 
presentation of the various cardiac arrhyth- 
[he chapters on vectorcardiography 
ind ballistocardiography could well have been 
omitted. There is no bibliography in spite of 
the author’s desire to “whet the appetite” of 
the student for increased knowledge of elec- 
trocardiography. 


cardiographic There is a 


mias 


J. Z. 
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MANUAL OF ELECTROCARDIOGRAPHY. By BEN 
JAMIN F. Smuru, M.D., Professor of Clinic; 


Medicine, Baylor University. Pp. 215; 11 
ills. Houston & New York: Elsevier Pres 
Inc., 1952. Price, $4.50 

luis is a book on electrocardiography fe 
beginners. The descriptions are brief an 
adequately illustrated. A unique and not 


worthy feature is a_ section consisting © 
electrocardiograms and autopsy 
It would have been reassuring to the studen 
if the author’s interpretation of the electro 
cardiogram was The only seriou 


objection to be raised is that against the at 


obs« rvations 


included 


tempt to attach other than electrical signi 
ficance to the electroc irdiographic positio 
of the heart. Although it is of interest t 


demonstrate that a heart which is pendulou 
by Roentgen-ray is occasionally associated wit 
a vertical electrocardiographic position, tl 
relationship is not as clear as the implication 


4 chapter devoted to brief 


dist uSSILONS 


various clinical syndromes will appeal t 
students. The author has had considerablk 
teaching experience and students will find 
in his book a clarity of presentation of th 
fundamentals of electrocardiography 
i 

CrrcuLatory Dynamics. By Cart J. Wi 
cers, M.D., Sc.D Prof. of Physiolog 

Western Reserve University. Pp. 107; 45 
ills. New York: Grune & Stratton, 1952 
Price, $4.00. 

Circutatory Dynamics is recommended 
essential reading for those interested in tl 
basic concepts of cardiovascular physiolos 
and the application of this knowledge | 
clinical medicine. While much of the mater 
is not new, it has been available previou 


chiefly to those few clinicians who read tl 


journals of physiology. Moreover, the current 
researches in cardiology which utilize tl 
cardiac catheter have made a knowledge of 
cardiac physiology a necessity for the pr 


ticing cardiologist 


The applications of this basic knowled 


to the therapy of heart failure and to t 
clinical concepts of diastolic and _ syst 
hypertension are lucidly presented by 1] 
Wiggers, a cardiac physiologist who has 
peer. 
W.S 
NEW BOOKS 


Die Quantitative Elektrophorese in der M¢ 
zin. By H. J. 
E. Ewerseck, B 


ANTWEILER with the help ot 
SCHULER, A. LEINBRO: K 


rte 


p, 
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inp K. Srirmer. Pp. 212; 122 ills. Berlin: 


pringer Verlag, 1952. Price DM 29.70. 


furs is a detailed discussion of quantitative 
trophores ind its application to medicine. It 
ritte » German by a group of qualified 
worker The first section is devoted to 

tecl il aspects of the procedure. This is 

lin ty by chapters dealing with electro- 

t find plasma protein studies under 


pl ind pathologic circumstances. The 
raphy vhich comprises some 875 references 
ut f the thoroughness of this work 


Human Blood Groups Utilized in Dis 
uted Paternity Cases and Criminal Pro 
ceedings. By P. H. ANpRESEN, Chief, Blood 
ink, Bispebjerg Hospital, Copenhagen. 

115. Springfield, Ill.: Charles C Thomas, 


52. Price, $3.75 

hook tains a lucidly written discussion 
| | utilization of blood groups in 
ses. It is intended primarily 
tt ian und others who might 
ted ich matters. Viewed in this light, 
k 1 hapters describing the human 
| t r heredity, and the methods used 

t them appear adequate 
h t uithor deals primarily with the 
il pract f Denmark, this does not detract 
t f the volume since medico-legal 
t ire not dependent the 
f nintries Cc. 


Year Campaign Against Tuberculosis. 

Louis I. Dustin, Px.D., Second Vice- 

dent and Statistician of Metropolitan 

Insurance Co. Pp. 115. 18 ills. New 

k: Metropolitan Life Insurance Com- 
1952. No charge. 


hure describes, in simple non-technical 
t tributions of the Metropolitan 
( pany to the anti-tuberculosis 


fr 1910 to the present. The efforts 


} main channels 


( tr f tuberculosis among employees; 
yment examinations; early use 
Roentgen-ray; vearly health 

tion f all employees; the Company-main- 
Mt. McGregor Sanatorium which did ex- 
treatment id research from 1913 until it 

! longer needed in 1945 

The anti-tuberculosis program among policy 


uded educational pamphlets, fa- 
per c health examination, home nurs- 
research on the influence of occupation 


f tuberculosis 


itional program for the general 

Pr nent features were educational ad- 
nts, pamphlets, and broadcasts; coopera- 
t tl ugencies in influencing public 
f inti-tuberculosis measures. The 
Framingham Demonstration”  (1916- 


financed by the Metropolitan 
in ompany, although the National 
s As iation, the U. S. Public Health 
d many other agencies and private citi- 


pated 

ratifying and dramatic decline in tuber- 

orbidity and mortality is reflected in the 

reduction in time lost by employees sick 


rculosis; and insurance benefits paid be- 


cause of death from tuberculosis. The expense and 
effort entailed over 40 years have been repaid 
many times. The Company may well be proud of 
the long-term results of “enlightened self-interest” 


R. C 


Principles, Problems and Practices of Anes- 
thesia for Thoracic Surgery. By Henry K. 
Beecuer, M.D., Professor of Research in 
Anesthesia, Harvard University. Pp. 65. 
Springfield, Illinois: Charles C Thomas, 
1952. Price, $2.50. 

Dr Beecher discusses very thoroughly all the 
phases of anesthesia for thoracic surgery. In the 
section on the lobectomy and pneumonectomy 
group he discusses the major hazards that must be 
overcome to enable an anesthesiologist to ad- 
minister a safe and satisfactory anesthetic. These 
hazards eonsist of: obstructing secretions, trouble- 
some reflexes including cough, anoxia, abnormal 
elevation of the carbon dioxide tension of the blood 
and circulatory strain. He goes into great detail 
concerning the elevation of carbon dioxide tension. 

The author discusses the pros and cons of “‘Con- 
trolled Respiration” versus “Assisted Respiration” 
He feels that “Assisted Respiration” is the pre- 
ferred technique for intra-thoracic surgery 

He has sections which deal briefly with: pre- 
medication, anesthetic equipment, choice of anes- 
thetic agents and anesthetic techniques. 

Dr. Beecher has a section which deals with the 
special problems associated with infants and small 
children. In this section he also discusses the 
anesthesia for cardiac surgery and surgery of the 
great vessels 

The information in this monograph will be of 
value to all anesthesiologists L. K 


The 1952 Year Book of Medicine. Edited by 
B. Beeson, M.D., J. Burns AMBER- 
son, M.D., B. CastLe, M.D., 
TrnsLEY R. Harrison, M.D., Georce B. 
EuSTERMAN, M.D., AND Rospert H. 
LIAMS, M.D. Pp. 735; 122 ills. Chicago: 
Year Book Publishers, 1952. Price, $6.00. 

Tne latest addition to this series of volumes 
covers the material pertinent to the field” in 
journals received during the period, May, 1951 to 
May, 1952. Informative summaries are presented 
of articles dealing with Infections, The Chest, The 
Blood and Blood-Forming Organs, The Heart and 
Blood Vessels and the Kidney, The Digestive 
System, and Metabolism. In addition, there are a 
number of editorial comments, most of which aid 
the reader in obtaining a balanced perspective. A 
few of the comments are somewhat facetious, but 
in general, the high level of excellence of its 
predecessors has been maintained. C. Z. 


Shock and Circulatory Homeostasis. Trans- 
actions of the First Conference, October 22 
and 23, 1951. Edited by Harorp D. 
Green, M.D., Prof. of Physiology and Phar- 
macology, Bowman-Gray School of Med- 
icine, Wake Forest College, Winston-Salem. 
N. C. Pp. 245; 22 ills. New York: Josiah 
Macy, Jr. Foundation, 1952. Price, $3.50. 


Tris book consists of the transactions of the 
first conference on shock sponsored by the Josiah 
Macy, Jr. Foundation. In this conference many of 
the leading investigators in the field of shock par- 


| 

| 

| 

| 
| 
| 
| 

| 

f 


122 BOOK REVIEWS 
pated and the reader is given the opportunity 
t bserve the result of this valuable effort in the 


vestigative en 


different paths of in 


challe d, 


deavor Statements are made, sup 
rechallenged and re-evaluated. The lack of 
ped gical dogmatism is refreshing and the reader 
is stimulated to real thought 
This book is not a clinical manual and deals 
primarily with laboratory rather than clinical work 
But it is recommended to all those who are inte 
ested in and dealing with shock and circulatory 
failure and should help them to a better under 
standing of the problems involved R. B 


Das Phasenkontrastverfahren in der Medizin 
By Dr. med. Hans-Greorc HANSEN, Dr 
med. ALEXANDER ROMINGER, and Dr. Kurt 
MicHeEL. Pp. 92; 120 ills. Gottingen: Van- 


denhoeck & Ruprecht, 1952. Price, not 
given 

THOSE who read German will find this is in 
excellent, concise discussion of the technique and 
practical application of phase-contrast microsop\ 
The value of this work is enhanced by well 


which are finely reproduced 


bibliography ( Z. 


illustrations 


and idequate 


Acute Peripheral Arterial Occlusion. By Wu 


LIAM D. Hotpen, M.D., Professor of Sut 
gerv. Western Reserve University School 
of Medicine, Pp. 66; ills. Springfield 
Charles C Thomas. 1952. Price, $2.35 
1 graph is another publication in the 
\ Lecture Series. The discussion is_ brief 
te and is punctuated by exemplary cas« 
tions The therapeutic wwproach is pr 
ulong surgical lines. since the author’s per 
xperience with conservative management of 
embolic occlusion proximal to the popliteal ar 
teries has been uniformly poor 
This small volume is recommended as a concise 
review of an important subiect. However. workers 


in the peripheral vascular field will find little that 


is new N. I 


Die Entwicklung des braunen Grasfrosches 
Rana Fusca Roesel. By Dr. Fr. Kopscnu 
Pp. 72; 34 ills. Stuttgart: Georg Thiem« 


1952. Price, DM 48 


Finality and Form. By Warren S. McCu1 
LocH. Univ. of Illinois College of Med 
icine. Pp. 62; 25 ills. Springfield, Ill.: C. C 

1952. Price, $3.75. 


interesting approach to the 


Ve rl ig 


Thomas 


HIS is an problems 


£ +} theorv of knowledge and value The logi 
f the argument is well presented. Dr. McCulloch 
has the highest qualifications. M. O 


Personality and Sex Conflicts. By Dr. H. H 
Hustep. Pp. 265. New York: The McBride 
Company, Inc., 1952. Price, $3.95. 


Tuts book deals with the social problems 
reated by personalities who do not possess the 
ganization of character and the good will to un 


lerstand and control their primitive sex impulse 

The author gives many dramatic examples to il 
trate his point and indicate the prevalence of 

these uses. The need for an educational program 
ch will inform and domesticate the minds of 


generation, and result in better con- 


ounger 


AND NOTICES 

trol and utilizat the primitive impulses 
discussed. No one kely to disagree with tl 
concept but unfortunately the presentation 
this most important part of the book is ma 
through criticism of the present educational stat 
rather than by spelling out a constr tive progra 
which communities could follow Th reader 
taken into irrelevant discussions of such thin 
posture, patent medicines and deep breathi 
which detract from the main theme Through 
the book suffers from the fact that this importa 
theme is not dealt with through the applicati 
of modern dynamic ]| hological concepts QO. | 


Pick 


Anatomic 


Vorbus 
Patho 


and 
and 


Alzheimer 
Clinic al 


Morbus 
Genetic, 


Study. By TORSTEN HAK 
S16GREN AND AKE G. H. LINDGREN P 
152: 13 ills. Copenhagen: Ejnar Munk 
gaard, 1952. Price, 25 Swedish crowns. 
Tus is a paperbound monograph dealin \ 
Alzheimer’s disease irteriosclerotic, diff 
cerebral atrophy nd Pick’s disease, ciret 
scribed cerebral atrophy These two diseases 
compared on the } i of thei netic fact 
their clinical sympt itologs their morp! 
logic changes. This raph sl 1 interest 1 
rologists, psychiatrist 1 nenuropathologists 1 
cipally 
Opiate Addiction. By Dr. ABRAHAM WIKLI 


Pp. 72. Springfield, Illinois Charles 
Thomas, 1952. Price $3.00 
luis small monograph o at vddicti 
1 man active in the f d ive ucl valuab 
formation on the biect of di iddiction 
discusses clinical problems, the psychological 
physiological aspect f addiction as well as 
mechanisms of act The author in agree? 
with the current that opiat iddicti 
generally a sympt f an 1 ler " persor 
problem. He fee 1 to 6 months in a drug f 
environment is essential and the percentas 
“cures” and “benefit then optimist 
35 There is ar tensive bibliography Oo 


Monog! 
38 tal 


Microbial Growth and Inhibition 


Series, No. 10. Pp. 286; 67 figs.; 
Geneva. Switzerland: World Health ‘ 
ganization, 1952. Price, $3.00 

EIGHTEEN papers were selected from the 


Chemical M 


International Symposium on 

biology held during June 1951 in Rome, Mi 
them are review articles of the ‘present st 
type in which leading specialists take up p! 
of the relationship between microbial physi 
and growth inhibit by antibiotics. The n 
graph is a mixed English and French editior 
summaries in both languages. All of the p 
were originally published in the Bulletin 
World Health Organization, 1952, 6, 1-182 


Nerve Impulse. Transactions of the 1 
Conference, March 3-4, 1952. H. Hous 
Merritt. Editor, Prof. of Neurology, 
lege of Physicians and Surgeons, (¢ olu 

15 ills. Caldwell, 


University. Pp. 176 


Progress Associates, Inc., 1952. Price, $ 

An exchange of ideas, experiences, dat 
methods by a group of authorities in the t 
hereby presented The discussions are ex 


} 


)y 


| 
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Tr} topi ire well chosen. This is a collection 


the itest thought in the field M. O 


t Report, Expert Committee on Public- 
ith Administration, World Health Or- 
nization. Technical Report Series No. 55, 


Nov., 1952. Pp. 41. Geneva: Division of 
Editorial and Reference Services, World 
Health Organization, Palais des Nations. 
Columbia University Press, New York, 


{ S. Agents Price, $0.30. 
ispect { public-health administration are 
larly st ed in this report: its functions, 
1 the pe of health services. Emphasis is 
eed tor integration of all measures 
the prevention of disease, and for the care and 
iti f the sick, whether carried out by 
tary organizations, or by both in 
binati In the committee’s opinion, ultimate 
bilit for health measures belongs to a 
degree to health administrations 
rtione between national or federal), pro- 
Stat or local authorities with the 
funct f the central authority devoted 
the to it of policy, the giving of advice 
sistance to local authorities, and 
f t of medical legislation and other 
f ficiency; while the main function 
horities should be operational. The 
ttec i tate that more stress should be 
tl rricula of undergraduate and _ post- 
f instruction for physicians on 
«ial aspects of medicine with 
adequate remuneration and 


| | f promotion J. K. 


ic Interrelations. Transactions of the 
urth Conference, Jan. 7-8, 1952. E. C. 
FENSTEIN, JRr., Editor. Oklahoma Med- 
Research Institute and Hospital. Pp. 
50 ills. Caldwell, N. ].: Progress Asso- 

In 1952. Price, $4.50. 
deals especially with calcium. 
ty continues in both participants 
rage. This should be a valuable 
tarium of all those interested in 


vh h to keep up-to-date, M. O. 


ial Diet Cook Book. By MARVIN 

LL, introduction by JamMEs R. WiLson 

S11; 50 pages illustrated charts. New 

Greystone Press, 1952. Price, $2.95. 

k book includes more than 1200 

tributed by a number of dietitians, 

ists, and others for the following 

iloric low sodium; high residue; 

fat-low cholesterol; diabetic; arid 

ilor Essential calculations have been 

that the user may fit the recipe into 

pattern. The recipes have been 

thods of preparation are clearly 

ely tated They are economical in 

tf cost and availability of ingredients as 
required for preparation. 

k book should be used as a supplement 
cribed diet, and not as a substitute for 
eatment directed by the physician. 
patient who thoroughly understands the 
his diet, the recipes in this book 
any appetizing ways to vary the pres- 


etary pattern 
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Die Migréne und ihre Heilung. By Dr. MED. 
HABIL. KARL M. HERRLIGKOFFER. Pp. 63. 
Munich: J. F. Lehmanns Verlag, 1952. 
Price, DM 5. 

An excellent presentation of the subject of 
migraine, so well set forth in our own country by 
Harold Wolff and his co-workers. The author 
distinguishes idiopathic from symptomatic forms 
of migraine, and regards the vasodilatation des- 
cribed by Wolff and his co-workers as merely 
the preliminary stage of a prolonged vasoconstric- 
tion of the cerebral arteries. The classical treat- 
ment is followed, papaverine in addition is recom- 
mended and several proprietary drugs are men- 
tioned, which, I believe, is the usual thing in 
German language publications of the kind. 


M. M. 


Use of Antibiotics in Tropical Diseases. An- 
nals of the New York Academy of Sciences, 
Vol. 55, Art. 6. Edited by Roy WALpo 
Miner. Pp. 318; illustrated. New York: 
New York Academy of Sciences, 1952. 
Price, $4.00 


Inert have been rapid advances in the 
chemotherapy of many tropical diseases. This is 
sue of the Annals of the New York Academy of 
Sciences is devoted to a statement of the current 
knowledge on the value of antibiotics in such 
conditions as scrub typhus, typhus, Q_ fever, 
Rickettsialpox, Rocky Mountain spotted fever, 
typhoid fever, tropical eye disorders, cholera, shi- 
gellosis, bacillary dysentery, malaria, lymphogran- 
uloma venereum, granuloma inguinale, trypano- 
somiasis, amebiasis, helminthic infections, fungus 
diseases, leprosy, bejel, yaws, pinta, the lepto- 
spiroses, relapsing fever, bartonellosis and plague. 
The authors representative and _ leading 
workers in the field. This publication will be wel- 
comed by all interested in Tropical Medicine. 


R. K. 


NEW EDITIONS 


Diabetic Manual for the Doctor and Patient. 
By Exurorr P. Josuix, M.D., Sc.D., Clin. 
Prof. Med. Emeritus, Harvard Medical 
School. 9th ed. Pp. 315; 55 ills., 1 in color. 
Philadelphia: Lea & Febiger, 1953. Price, 
$3.00. 

Nor only the medical profession but all the dia- 
betic patients, who read English, should welcome 


this new edition of a manual that is far and away 
the best in its field. R. K. 


Der menschliche Harn als Heilmittel. By Dr. 
Martin Kress. Revised by H. LAMPERT. 
2nd ed. Pp. 124; 4 ills. Stuttgart: Hippok- 
rates-Verlag Marquardt & Cie, 1952. Price, 
DM 11.50. 


luis is a brochure on the use of human urine 
(especially of the patient’s urine) as a therapeutic 
agent. The history of this procedure from Greek 
times to the present is entered into thoroughly. 
The various constituents of the urine are listed, 
both physiologic and pathologic. As is known, 
urine contains hormones, vitamins, ferments, anti- 
bodies, materials influencing blood pressure and 
blood sugar, tropic substances influencing various 
endocrine glands, a diabetogenic hormone, organic 


— 
| 
| 
| | 
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nstituents, amunes, morgan constituents, and 

elements, 
nature of the 
that of 


 convalescents 


also pathological constituents. The 
considered 
pregnant women, or 


urine to be used is 


virgins, of boys, of 
is well as of the method of 
external application, use as 


ministration the a 


ster or of a permanent clyster Indication for 
in the 


colitis, 


various forms of allergy, in asthma, 


skin diseases, hay fever, angio- 


edema are set forth, as is also its use 


disturbances of women, obesity, toxi- 


pregnancy, pylorospasm of infants, in the 


ued, in cryptorchidism, certain metabolic dis- 


ases diabetes mellitus), hypertonia, tetany, and 
various infectious diseases. Various illustrative cases 
ire cited 
All of this sounds rather medieval, but we 
mber that the 


und that 


must 


urine does contain hormones, 


have 
he prepared from mares’ urine M. M 


valuable pharmaceutic products 


Symptoms and Signs in Clinical Medicine. By 
I NOBLE CHAMBERLAIN, M.D., M.S¢ 
F.R.C.P., Royal Southern Hospital, Liver 

5th ed. Pp. 480; 354 ills., 19 in color 

Bristol, England: John Wright & Sons, Ltd 

1952. Agents for U. S., Williams & Wilkins 

Co., Baltimore, Md. Price, $8.00. 


WuHiie thi s basically a text of physical diag- 


pool 


studies 
indicated. This makes 


interesting pre- 


t incorporates symptoms, laboratory 
inical diagnosis where 

1 better rounded and 
ntation Che liberal use ot 
iwrams aids greatly in the visualization of the 
cribed feels that 
British text is superior to many of thos« 


more 


photographs and 


ibnormalities The reviewer 


used 
ently by medical students and practitioners in 


yuntry W. 


[he Anatomy of the Nervous System. By S. W 
RANSON, M.D., Late Professor of Neurology 
Northwestern University: revised by S. I 
CLARK, M.D.,. Po.D Professor of 
\ inderbilt 
134 ills 


3. Price 


Anatomy 
University. 9th ed. Pp. 581: 
Philadelphia: W. B. Saunders Co.., 
$8.50. 


known text high 
description of 


blended 


ipplications and 


maintains the 


Mais well 
I d of its 
orphological 


ctional 


iar predecessors The 


details is skilfully 


interpretation, clinical 


with 


ervations such as Penfield’s studies on the cere- 


cortex. Recent advances such as the analvsis 


the inhibitory and facilitating mechanisms in 
brain stem, or cerebellar localization have 


d. Besides 


Ok cont 


been 
original illustrations 
1ins figures redrawn from texts that 
obtainable, for 
ind Jelgersma’s monographs, so that it 
should be of value not only for the beginner but 
] for clinicians and research workers =. Ss 


numerous 


not easily example, Déjerine’s 


Jacobson’s 


Essentials of Public Health. By WuutamM P 
SHEPARD, M.D., Clin. Prof. of Public Health. 
Stanford University, with the collaboration 
of CHARLES Epwarp D.P.H.. 
Ropney Rav BeEarp, M.D., M.P.H.. and 
LEON BENEDICT REYNoLDs, A.B., Sc.D. 2nd 
ed. Pp. 581; 20 ills., 27 charts. Philadel- 
phia: J. B Lippincott Co., 1952. Price, 
$6.50 
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edition of this work 
fulfilling its 


condensed handbook to 


Tne call for a second 
ample proof that it i 
that of a 
physician in private 
and for the members of allied professions, the prit 

public health work th 
qualified for their task m 
public health field but a 


revised an 


original purpos« 
outline for th 
practice, for the medical stude: 
ciples and methods of 
authors are eminently 
merely as workers in the 
teachers. The text has been extensively 
tables, charts 
date. 
Nursing This 


recommended 


been brought 
Public 


olume 1S 


ind figures have up-t 
Healt! 
high 


R. K 


There is a new chapter on 


convenient — little 


Text-Book of Pharmaceutic. 
Chemistry. By H. Rocers, Sc.D 
Tarro O. Sore, Pu.D, and Cuartes Wu 
Pu.D. 5th ed Pp. 850; 22 ills. Phila 
Lea & 


Inorganic 


SON, 
delphia: 
$10.00. 


Febiger, 1952. 


widely used textb 
reflects the m 


pharn 


edition of this 
revised. It 

field of 
ceutical chemistry and conforms to the | S. Ph 
macopoeia XIV and National Formulary IX. | 
chapter brief historical 
the individual element 


Tne latest 
has been thoroughly 


recent advances in the inorgani 


introduction 
followed by 


physic al and cher 


contains a 
discussed, 
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